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With the Arab oil embargo of 1973, the United States 
becatfe avare of its dependence on foreign fuel to* Maintain its 
productive capacity, euploynent base, political autonoiy, strategic 
security, ^ and living standard. An engineering Task Force^on Energy • 
vas appointed to prov^idi^ an infojp;»ed assessnent of the realistic 
s'trategies that coul^ be initiated if the United States chose to 
becoae aa independent as possible of foreign sources by 1985, based 
on technology ftov known^ or applicable by that date. This publication 
presents the analyisis, findings, and conclusion^ of that task force. 
The task .force concludes that the achieveient of energy 
self-sufficiency in one decade lfo^ald require enoraous -efforts 
including voluntary reduction of energy consumption and development 
of available fuel resources. Central to this report are the rbles of 
government, industry, and the public in advancing a comprehensive 
energy program in the next decade. Specific considerations discussed 
.in/the report include supply and dema'^d, conservation potentials, oil 
and gas, shale oil, coal supply, and electricity prospects, progra^n 
constraints 'and responsibilities beyond 1985. (Author/HA) 
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FOREWORD 



As a^result of the October J973 oil embargo and subsequent large 
increases in the cost of impor,ted oil, the National Academy of Engineering 
established a Task Force on Energy to prepare an assessment of realistic 
steps that might be taken to increase domestic energy supplies and decrease 
consumption during thfe next 10 years (defined as before 1985). This is i 
the resulting report by the Task Force. 

The names and affiliations of the members ol^the Task Force on 
Energy are given in Appendix A. The members of the Task Force and I 
both believe it is important to make it qlear that m^ny of the members of 
the Task Force, as well as some of those assisting with the work, have had 
long associations with industrial companies involved in energy supply and 
distribution. ■ A ;numbeT have also" had significant government responsibilities 
in the past, but no present goi^ernment employees were involved in the ac- 
tivities of the Task Force. * 9 S 

The T^sk Force sought to assess the practical engineering feasibility - 
and probable dutput'of major production programs in specific energy areas. 
It' also studied improvements in efficiency ^ind methods of reducing demand 
that, if initiated now--that is, in 1974--and carried out successfully, could ^ 
lead to significantly reduced requirements for energy imports before the 
end of 1985. The Task Force reviewed each of the potential programs to 
identify the major actions that would be needed by government and industry 
to initiate and implement them, if desired, and also assessed their physical, 
technical, cost (money, resources, and environment) and schedule aspecta. 

Because of the short time available for this study and the large' and 
growing number of analytical studies by others, the Task Force did not carry 
out new research, but, instead, sought to apply its judgment and experience 
to arrive at the results contained in this report, which must be considered in 
this light. ' 



Based on, the information available and on its own juagment, the Task 
Forc^ undertook to do four things: First, it sought to assess the magnitude 
of potential domestic energy supplies and demands between now and 1985, 
Then it sought to determine what might realistically be dane to increase * 
supply and reduce demand in each of the energy areas cqnsidered in terms 
of the requirements for government, and industry actions, the costs in 
dollars, manpower, water, and mater ials, and the effect on the environment. 
Then the Task ForQe sought to estimate the collective results, costs, and 
resource requirements qf the programs from an overall point of view. 
Lastly, the Task Force sought to suggest key factors involved in implement 
_tM^iQn^ of ^some or aU of th-e-Px^og.rAnis„^^^ ■ ^ „^^_„ 

,The Task Force has not attempted to pass judgment on the overall 
desirability of the various programs, including their social and economic 
consequences. Nor has the Task Force attempted to pass judjgment on 
whether domestic enexgy self-sufficiency is a wise policy or when it might 
actually be accomplished, if decided to be in the national in^rest. The 
programs considered by t^ie Task Force, if all done concurrently jand if * 
fully successful, would substantially reduce the need for imports by the 
mid-1980's; but the costs would be high and there are many contingencies 
to be considered. ^ ^ - ' ' 

The Task Force scffii:ght to determine what might realistically be done 
in each of the energy areas with the present government-industrial frame- 
work unHer conditions of considerable incentive and urgency but without 
direct government direction and intervention characteristic of a ^'wartime'* 
effort. ^ 

J Obviously, this study is^only a beginning, and much more needs to 
be^ofee to examine many of the questions and problem's involved in greater 
depth. However, it is hoped that this report will provide guidance for such 
additional work as well as serving as a basis for broad policy considerations 
and decisions. / " 

. The work on this report received encouragement and cooperation from 
many quarters. In particular, the support of Mr. William E% Simon, then 
Director, Federal Energy Office., was a key factor in the decision to proceed. 

I would like to thank those Academy members and others who gave 
so generously of the!ir time and energies in the preparation and review of 
this report In pai(l;icular , both the Task Force and I would like to express 
special appreciation for the contributions made by Mr. Eric H. Reichl of 
the Consolidation Coal Company and Mr. John E. Robb of Bechtel Incorporl 
ated. It has been the unselfish contributions of all concerned that provide 
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the National Academy of Engineering with the breadth and depth to make 
•responsible comments on considerations of such national importance. 



Robert C. Seamans, Jr. 
President 

\ National Academy of Engineering 



ay 16, 1974 
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The National Academy of Engine ei^g. was established in December 
1964, The Academy is independent ajnd autpnomous ixv its org^ization and 
election of members, and shares in t^ie responsibility given the National 
Academy of Sciences under the 1863 Congressional act of incorporation to 
ajjdvise the United States government, upon requei^t, in all areas of science 
and engineering, ^ - ^ 

^ The National Academy of Engineering, iaware of its responsibilities ' 
to the government, the engineering community, arid the^nation: 

1, Provides means, of assessing th6 constantly changing needs of the 
nation and the technical resources that can and should be applied to thern; 
to sponsor programs aimed at meeting t|iese needs; and to encourage such 
engineering research as may be advisable in the national interest, 

2, Explores means for prcSmoting cooperation in engineering in the 
United States and abroad, with a view to securing concentration on. problems 
significant to society and encouraging research amd development aimed at 
meeting them, r . ' 

3, Advises the Congress and the executive branch of the government, 
whenever chilled upon by any department or agency thereof, on matters of 
national import pertinent to engineering, 

4, Cooperates with the National Academy of Sciences on ma,tters 
involving both scienc^^^^nd engineering, 

5, Serves the nation in other respects in connection with significant 
problems in engineering and ^techno logy, . 

. r 

6, Recognizes in an appropriate manner Outstanding contributions to^ 
the 'nation by leading engineer-s. 



The study was supported by fund^ provided by the National Academy 
of Sciences and National Academy of Enginee'ring. " ' 
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SUMMARY . ' 




Suddenly and dramatically, in October 1973, when the Arab oil em- 
bargo was imposed, the United States became aware of its dependence on 
foreign fuel to maintain its productive capacity, .employment base, political 
autonomy, strategic security, and living standard. .During the Bubseqiient 
five months of the oil shortage, the complex of problems, issues, res^oXirces 
and habits connected with the Nation* s energy supply, distribution, and use 
was a fundamental concern of the government, the industry, and, indeed, 
the whole American. society. In this context, the National Acadei^Y Eifg*- 
neering appointed a Task Force on Energy to provide ^n^informed, reasoned 
and prompt assessment of the technological range of actions that would have 
to be taken if tke United States chose to become as independent as possible 
of foreign sources of energy in, say, a decade — that is, by 1985. 

This report presents the analysis, findings, and conclusions of the 
Task Force. The Task Force concludes that, by any standard, the Bsphieve- 

nt of energy self-sufficiency in one decade would require enormous 
effoHs but assumes the unde sir ability of a wartin>e »«crasli»» program with 
its implications of government direction and intervention. Basically, it 
would be necessary to reduce^the consumption of energy voluntarily, by 
means of increased efficiencies ard reduced wastefulness, and to devSelop 
th^ fuel resources available in the United Stat^^Twith the best technology now 
available. Simultailepuslyr a major pro^^^^Cfn would need to be pur sued in 
resejarch and development on advanced techniques in energy pro.duction and 
conservation for the future. ^ \ 

Central to this report are the roles of government, industry, mnd 
the publijc in advancing comprehensive energy program in the next decade. 
The Task Force recognizes that achieving this goal would require a^ series 
of intermingled political and social decisions^^by the American community. 
The fundamental decisions toward that end should be made this year. ^ 



- Supply and Demand :/ On^the bfTsis of recent historical trends the de-- 
mand forien^rgy in the Uiiited States^could surge to-the equivalent of 58 fhil- 
lion barrels of oil per (NlBPD) by 1985r'-more/tKan 55 percent greater ^ 
than l^Trconsumption of 37. 2.MBPD. However J if 'major initiatives are 
undertaken to conserve the us^e of energy, the demand by 1985 could pos"sibly 
.be reduced t^s9me 49 to 50:JvlBPb, >^hich v^ouldvstill require a.significant 
increase in ene^^gy supply during the nei^t decacie. ^ ^ ' ^ 

In 1973^ domestic sources ^supplie^ the equiv^leht of 30. 6 MBPD of 
the energy^cdnsurrted. T-he'rest caijie from imports of crude oil and "natural 
gas.' Projections'; made by indoistry expeo^ts in 1972 and in the pre-enibargo 
Months 6i 1973 indicated that^domestic supplies could rise to about 40 MBPD 
by 1^5 bas^d on the then pyoJecte^Tlarg^ t scale firogrkm. This study finds 
*that if appiropriate a«d timely jactiOns ai'e taken, domestic prociuction could 
b^ further increasedVto abput 49 MBPD in 1985.' If this HSppensi, thei 
Nation^s energy deman^ in 1^985'^ could Ue satisfied by domestic energy sup- . 
ply sources, so long'as signific,ant ccfnservatio^ measures are taken by all 



consumers. 



' > The gai5 between tl;ie domesliic supply "capabilities a *^ 
even wi£k. extensive conserva,tion^*'cannot be clpsed qu^l^. Oil^imports will 



probably have to rise to a level of 8 to 9^BPD by 1977 or 1978 in order to 
meet the* overall demand Ky^his f>eriod. thereafter, as n%w domestic ^ 
sources be com^productive, the need for oil imports could diminish. 

It may hot be possible or e^6n desirable to cease importation altp- 
gethferi even by 1985.1 This diudy forecasts that ynaximum probable domestic 
produj^lfion (jf liquid hydrocarbons from ail sources could be abOut 13.-6 MBPD 
by 1985-TStill far^^short of the 1973 consumption of 16, 2 MBPD. Therefore!' ; ' 
^unle;0S majoi^ oil cons^rvjfit^ion practices are im]f>lemented, includiAg convert- 
ing some present uses of oil 'tc^ more readily available forms of energy,^ Oil . 
will continue to be imported,* at least until coal-based synthetic fuels can be ^ 
brought into large -scale. production;^ ^ \ " % 

' Conservation Potentials : Increasq^s in the price of energy, resulting 
f r 0m inexorably higher costs of d^l^elopment, prqdvicti^, supplies, labor; 
.$ind capital, will provide a compelling incejiti^^?^ for the voluntary conserva- 
tion of energy and will help promote the replacement of inefficient machines 
and nxetjiods with more efficient ones. Timely and intenswi^ public* informa- 
tion campaigns as well as economic and social incentives 9^1^ guide business 
industry, government, and individual consufpers to reduce^their energy 
demands by the eqia^ivalent of "^to 9 MBPQ belbwl the historical extrapolatians 
for 1985, the Task Force estiipates., . ' - r . ' 



Areas where majpr savings are considered possible include: increased 
adoption. of smailVcars with less power equipment; improvement in the e^ffi- 
ciency q| industrial products an& processes, better insulation and more effi- 
cient heating and cooling systems ir\ residential and comnier cial uses, and, 
eventuallyi expanded and mo^e effective public transit systems. 

While mbst energy cdnservation can be achieved through the normal 
working of economic forces, govermpeol leadership will be the key to metho- 
dical conaervatipiv-through such actio^is as encouraging the labeling of effi- 
ciencies and 'life-cycle" costs^, str esVing^such considerations in its own 
purchases and programs, an^^xiu^sider ingjefficiency in^provements in allocat- 
ing grants and financial assistanc^s^^O-trajafiportation systems. , 

Oil and Gas Prospect's : In 1973, more than 75 percent of Che Nation's 
energy was svipplied \^ oil and^as, oT which about 23 percent was imported. 
With this dependence on imported energy, the oil embargo and price in- 
creases for imported oil came as a tude shock to the U: S. economicSpoli- 
tical, and social , structure'. ^ \>\ 

1>he 1973 domestic oil and gas production of 22 MBPD cannot be main- 
^tained or increased without prodigious application of present technologies 
and the development of new technologies. Over the y^ars, ^roduc^ing fields 
wane an4 new fields mugl^e discovered and brought into production. Field 
production is ultimately limited by geologic conditions, and, even with such 
techniques as pumping and flooding, about tv(ro-thirds of the oil cannot be 
extracted economically. Some gas fields have formations of such low per- 
meability that eponom'ic yields cannot be attained by conventional' practices. 
What i¥ more, envWAnmental concerns have inhibited the production of oil 
from, off shore sites. 

' If oil and gas pri^eaj\ regu^^ted only by a free market, reach levelg 

at or hplov/ the expected w^ld prices, the Task Force believes that Suffi- 
cient c>vpital can be attracted^to increase production of these fuels'from 
dome stic\s our ces, including Alaska and the Outer Continental Shelf, to as 
much as Z^MBPD by 1985. To achieve this, about $180 billion* would-be 
needed. 

jtion to ekploration and djevelopment of new fields, major flows 
rould be expected from increasing production irl-existihg fields 
ide red marginally economic. By advancing and applying 
Lnd/kerqLary recovery techniques and developing fracturing meth<- 
low-permeability fields, significant increments could be 
Jutput would be less than from primary extraction. 
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*A11 capit|tl requiremjents are. in *73-'74 dollars, and only reflect direct • 
^Costs for facilities in place during this 1974-1985 per iod;o associated infra 
structure and fii^ancing costs ar-e not included. 



Shale Oil Prospects: Shale deposits are now estimated to contain- 
^some 1, 800 billion barrels of oil. However, only about 6 percent of the 
shale is accessible in thick enough strata and with high enough oil content 
(30 gals person) to be of cofhmercial interest today. There also are diffi- 
culties associated with the extraction of oil from the shale. If above-iiround 
retorting methods are used, large amounts of rock would be mined, treated, 
and discarded as tailings. Techniques to feclaim tailing- areas in ways- that 
are 6*nvir onmentally sound are presently unknown or uncertain. Another \ 
sertious complication is that deposits are located in arid and semi-arid areas 
and sizealple qu^tities of water are required for the processing and reclttma- 
tion^ \ 1, 

The Task Force believes that these limritations will keep the rate of 
production of shale oil relatively k)w until 1985 and perhaps for longer; It 
estimated that shale oil protiuction by 1985 will not exceed 0, 5 MBPD despite 
an investment of between $3 bullion and $5 billion. To achieve even this pro- 
duction will require that larger tracts be provided for leasing than are pre-^ 
sently permitted, th^t environmentally acceptable methods fdr disposing of 
tailingsTt>e determined, possibly with government assistance, aa^ thatt suffi- 
cient water be available. , 

'CoaLSupply Prospects : ^ Recoverable coal reserves in the United States 
are capable of supplying many energy needs for centuries. This study con- 
cludes that the 1973 coal production rate of 600 xnillion tons per year (MTPY) 
could l^e doubled to at least 1,260 MTPY by 1985. 0{ this, about 700 MTPY 
could be consumed in direct firing for generating ele^ricity, 310 MTJ^Y could 
be used for producing synthetic gas and oil and the balance for industrial uses 
and e:icport. About $21«billion^of addi^fonal capital investment would be re- 
quired (^y 198^ to jnaintain easlj^ern surface mining at about 1973 levels, to 
increase eastern underground oiatp^t to what its capacity was in 1940, and to 
expand western surface mining to an annual rate of 560 MTPY. 

These production goals would require that federal coal-beafring.. lands 
in the West be made available for irnrnedi^te leasing, that interim and longer- 
term mine operating .regulations be rdvUwed and accepted, that environmen-- 
tal requirements fpr reclamation and f^i^^;3a^2^ling coal be determined and 
clarified. All this would^elp create a s^ble and lasting producer-user re- 
lationshlp.?> Goal, competing against other fuel sources, would also have-to 
reach a price level tliat would attract the investment capital needed for more 
production. ^ 

There are serious barriers to increased coal production, principally 
transport. More unit-trains, new slurry and gas pipfelines, and enlarged 
capacities for the Nation's inland waterway systems wouliJ'be needed to 
transport as much as 660 MTPY oif additional coal. 

Moreoyei:, capital wou\d be needed to finance the conversion of coal 
to synthetic fuels. The technology for transforming' coal to methane, or 
synthetic natural ga^s,' is ready for commercial application^- the Task 



Force believes. By%1985 there cbuld be as many as ZO^syngas plants produc- 
ing an aggregate of 5 billion cubic feet per day, the energy equivalent of 0. 8 
MBPD of oil. The production of methanol is techiiologically similar to meth- 
ane production, and the production potential is largely .dependent on the 
. de^elopjnent of a market ^nd on the' pricing of competitive liquid fuels.^ Under 
the circumstances, the Task Force estimates that production of an equivalent 
of 0. 3 MBPD is lively by 19:85. The market potential for mediurn-Btu^gas, 
^principally for poVirer genersition, will also determine the desired production 
\ev.el; about' 0. 3 M^BPD is for^^seen for 1985^. 

Liquefaction of coal in^ a synthetic crude oil, or syncri^de, is poten- 
tially the most important techriology to be exploited. However, the present 
processes are^costly and would\lead to syncjrude prices well above the likely 
^ world price levels of 5il in the future. To d^elop commercially useful 
alternate processes, -an aggressWe R&D progl^am would be imperative. The 
costs knd risks, associated with sVch development? would probably require 
substantial government funding inWdition to priVate capital. Although the 
lead time needed to develop and deplpy production\plants make it unlikely 
^ that syncrude production will exceed ali^ut 0,. 3 Mb\d by 1985, the Ta^k 
' Force believes that the longer term importance of liquefaction as a m^jor . 
source of liquid fuels suggests that an early demonstration of economjbcal 
processes be given a higlr national priority. I 

The aggregate capitarrequirements" for the production of synthetic 
fuels from coal at the projected 1985 leyels will vary, depending on t|ie 
presently uncertain development easts to ^chieve commercial -scale ppera- 
tions. A range from $16 billion to $22 billiiqn is considered likely. This sum 
, would be in addition to the $21 billion of estiradated capital needed to extract 
and transport coal for all purposes. . , 

Electricity Prospects : Electrical power generation has been increas- 
ing at about 7 percent per year recently, about double the overall rate of* in- 
crease in -energy consumption. From an energy standpoint, a continuation . 
of this trend to electrification is desirable because of the wide .range of fu^els / 
that can be used. In 1973 coal generated 44 percent of the electricity,' oil 
and gas about 37 percent, and hydropower accounted for most of the remaindei 
With only 25 stations on-line at, the start of 1974, nuclear powered electricity 
has been a small part of the Nation's present energy supply. 

The tot^i973 generating capacity was 435 Gigawalts electric (Gwe)-- 
a Gigawatt fequal>^LlS>illion Kilowatts. By 1985 this capacity could be rnore . 
than doubled to about 980 Gwe. The implication for the Nation's total fuel' , .1 
mix is significant: coal and "nuclear energy could reduce the need for oil and 
gas. The Task Force estimates that coal-fired electricity plants could 
account for 220 Gwe of the increased capacity "and nuclear fission plants for . 
an additional 300 Gwe. These increases, together with ^ modest increase in 
the us^ of hydropower and geothermal generating stations, would provide the 
estimated grcitorth in electrical capacity. Although the capacity of oil-^nd 



gas-fired plants would remain about constant, it i^anticipated that they would 
be utilized principally for intermittent cycling and peaking generation, and 
thus their fuel consumption would actually decline. 

The expansion of generating capacity to the projected level, together 
with concurrent expansion of, transmission and distribution networks, would 
involve high costs, ^ Capital investme|it of more than $300 billion is likely to ^ 
be needed. It-would not be possible to raise this capital and achieve this * 
expansion, the Task Force obsei*ves, without several important action©. The 
expansion of coal-fired plants-, or the reconversion of oil. or gas plants, back » 
tp coal, for example, will depend largely upon the resolution of sulfur dioxide 
(§^2) standards. The Task Force believes that although reliable 

and efffec);ive scrubbers do, not now exist, these can be developecl in a 

few years. In the interim period, environmental regulations could be put in 
efffect to permit the^ controlled, intermittent operation ot coal-fired generat- 
ing stations during the overhaul of malfunctioning scrubbers, j(^s' itas now, 
regulations require t^e whole plant to shut down wh^n scPubbers are not 
working properly. Alternatively, in some locations^ . consideration could be 
given to use of high stacks for SO2 dispersion and to switching to alternate 
low-sulfur fuels during 'unfavorable meteorological cbnditions, % 

' An increase in the size and nun^ber of previously, projected nuclear 
power plants would>€,em to be^ possible, the Task Force stat^, if the admin- 
istrative procedures tliat haye lengthened their lead Umes from drawingboard 
to on-line output to 9 to dO year s-^ould be reduced to 6 to 7 years, which was 
the time^frame anly 5 years^ agpir^ Suc.h , actions as consolidating public 
hearings, approving generic designs for duplicate construction, preselecting 
and approving^ new sites, and reducing retrofilHing during construction would 
reduce the lead time. The Task Force is confident thjat the present state of 
the art in nuclear plant technology warrants such changes without rfeducing • 
safety. ^ 

Other decisions would^ alsq be needed \o provide direction and stability 
for the efforts needed to acqi^ire and enrich uran|am fuels in order, to expand 
the Nation's nut:lear generating capacity. In addition to. opehiirg' federal lands 
for mining,^ the government would have to resolve uranium impoVt policies 
and encourage electrical utilities to enter into long-term contracts for 
uranium supplies. Removing or reducing the classification of enrichment 
information, resolving the plutonium recycling dilemma, "■and restructuring 
the government/commercial interfaces on enriching plants are some of the 
principal actions that would be needed soon to ensiare sufficient nuclear fuel 
capacity. Capital requirements for nuclear mining arili enrichment co.uld 
range from $11 billion to $14 billion* * ^ 

r Program Constraints : The Task Force recognizes factoids that could 
seriously restrict any major program of the dimensions that would be re- 
quired to approach energy self-sufficiency. ^ 



o Capital: Private capital requirements for production facilities are 
estimated at $500 billion to $600 billion. This sum does not include working 
capital, dividends, debt service, and other, financial obligations Nor are 
govermnent R&D and production facilities (e. g. . uranium enrichment opera- 
tions) included in this estimate. " , . , 

o Water- A serious concern for producing oil from shale or syn- / . 
thetic fuels.from coal in the quantities considered possible by 1985 is the / 
availability of water. " It is also essential for .rehabilitating l^nd after surface 
mining and for cooling electrical power plants. • In the West particularly, 
the limited availability of'water as- well as^the issue of riparian rights v^ould 
have to'be examined carefully on a-case-by-case bisis. ' / 

o ' Environment: While energy is essential to the quality of life. ^ . 
.its production 'dis'rupts the environment in many ways. Methods need to be 
.found to r&oncile energy with the environment. Land reclamation a,fter coal 
• and, sAale mining; protective measures associated with oil extraction; and 
effective>,techniques for sulfur removal either at the coal mine or the power 
plant are only a few problems that require solutions. The Task Force recog- 
riizes the importance of protecting the natural environment and safeguarding 
human healtli and believes that these concerns can 1?e deal| with by appro- 
priate technology and realistic standards. . 

o Manpowers An estimated 1. 4 million people are engaged in energy- 
related activities today. To run the programs presented in this ref,ort would 
-require several hundred thousand more. Substantial increases would be 
needed in engineering, "in construction trades, ^nd ^n mining, trans portatibn. 
and technical and managerial work. The Task Force notes with considerable 
anxiety the drop in student enrollment in engineering curricula during the • 
past four years. It^viU be important to reverse this trend as soon as pos- 
sible. In addition, engineering manpower shortages may be alleviated in 
part by transferring engineers from fields outside the energy industry, by 
special training programs, and by careful organization of engineering assign- 

m ^ ixt 8 ' 
""^^ ^' Program Responsibilities: Federal departments and a^ncies now 
deal with energy policies and programs in a variety of disparatffe ways. Al- 
though the Federal Energy Administration recently has been established, the 
Administration and the Congress are still considering creation of a special 
energy R&D agency and/or a department of energy and natural resources. In 
'its engineering view of the energy problem, the Task Force,^id.not address 
, organizational qu^estions. although it recognized that the government ^ould 
have to assume resjjjonsibility for the following: 

',o -CoUefction, development, evaluation, arjd publication of 
projections for energy demands and Siipplies; 
" ov Development, of national energy poUcies for consideration 
by the Executive Department and the Congress, and'coor- 
dination of policy development with other federal, state, and 
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local government agencies as well as. in the energy industries; 
o Preparation of strategies for assuring adequate energy sup^ 
plies at reasonable costs and minimum impact on the environ- 
ment; 

o Development and implementation of programs for conserving 
energy and measures for increasing efficiencies in energy 
utilization; 

o Collection and publication of data on resource requirements 
and availability for sue4i critical areas as engineering, 
scientific, and construction manpower, equipment and' manu- ' 
facturing capabilities, and ba^ic materials availability; 
o Organization of allocation and rationing programs such as 
manpower, equipment, and resources, as well as of energy 
supplies, if pecessary; . 
y o Identification and assistance inv removing institutional road- 
block s in the production and use of energy resources; ' " - " 
o Development and application of financial incentives where 
clearly required, including development and overall surveil- 
lance of joint government-industry partnerships in programs 
requiring public support; 

Exahnination and resolution of critical environmental prob- 
lems such as 3vater supply, land use, and air quality; 
p Development ^nd coordination of international programs in 
energy areas; , 

Support of R&D when the risks are too'great for private 
^investors; . , " 

Coordination of -programs for long-range and basic researdk . 
in energy are\s; ^ 
o Provision for dissemination of information and advice to the 
, general public and special groups^ - 

Once a politically defined and-economically practical set of national 
objectives and policies are establish^ed, the various* segments of the energy 
industry should be Wble to accelerate and expand their efforts to pro\dde 
more energy supplies in the needed forms. Industry woald have many diffi- 
cult tasks to carry 6ut.in a timely, ,cost-e£fective, and beneficial m^ner. , - 
These include, but are not limited to; tl^following- » " 

. \ ^ ^ ^ ' ^ ' ' 

o Expansion of emergy facilities requires very large amounts 
of mo^ney from internal fundb, equity funding (stock), and 
bondsvor loar^s; such funds can be obtained if the industries^ 
have stable and adequate revenue to cover their costs, repay 
1 the loans or bonds, and provide the stockholders with an 

adequate return. ^ . * " * 

^ ' ^ ■ ^ ' ^ . ^ ^ \ ■ , • 
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o , Rapid and detailed planning would be carried out in response 
to new objectives and goals, as well as within any new energy ^ 
supply-deman^ situation, 
o Once detailedrji^lans are evolved and critical problems identi- 
''fied, the varic>us organizations --along with tfieir managers 
and key per sohnel- -have to be reorganized and redirected as 
necessary to Undertake the various tasks on an urgent basis. ' 
Whether these are new exploration progratris, new mines, 
new oil refineries, construction of facilities, operation of 
new mines or plants, manufacturing of new equipment, or 
\ provision of development support, the industrial structure 

will be the same, but substantial changes would surely 
evolve and experienced planners and managers would most 
likely be *at a premium, 
o There will surely be a critical shortage of many types of 
manpower, particularly engineers and skilled construction 
workers; major programs will be ne^eded to make more 
efficient and effective use of available manpower, to utilize 
less skilled manpower where practicable, and to train more 
. personnel as rapidly as" possible, 
o" Full consideral^ion would have to be given to possible environ- 
mental effects and to reasonable colst/benefit decisions for 
industrial programs ^posing- problems to the environment; 
close cooperation with government should allow quicker 
" ^ " decisions if industry does an adequate job of considering 

the issues. Similar consideration would be due in safety 
"and health as well, 
o Many energy progretms would require substantial support 
J in terms of development, and effort would need to be 

diverijed from other research and dejrelopment activities to 
provide such support. 
» o Industry would have to establish and maintain credibility with 
the public as well as with the government for understanding 
and cooperation to be real and effective. 

V ' - ■ 

Beyond 1985 ; Achieving the complete range of programs described in 
this report by 1985 is not considered by the Task Force to be of high probabil 
ity.^ Even if it is accomplished, the United States would be buying time. For 
beydnd 1985 looms an ominous prospect of even greater diemaAds for energy 
from ever-increasing and ever-Yising expectations at home and abroad. 
Unless inno^vative ways are developed for conserving and using energy and 
substantial' new sources and new technologies are found for increasing'energy 



supplies, *th6 strategies presented by the Task Force would only postpone a 
grim future of energy scaycitv. . . 

This report shows what can be done with today* s technology. If the 
United States is to have options beyond 1985, a well-planned, wide-ranging 
program of rese.krch and development is essential. 




Chapter 1 
INTRODUCTION 




PURPOSE AND SCOPE 

^ • . 

The United States, with its large resources of coal, oil, gas, uranium, 
and water power, his been largely self-sufficient with respect to its energy 
supplies until Recently. Although the country became a net importer. of^^nergy 
about 1950, the quantities were small until about 1958. Since then, energy 
imports, mainly oil, have grown at rates of 7 t^ 10 percent per year. By 
Comparison, during the same period energy consumption has grown more 
than 4 1/4 percent per year and^domestic esnergy production at about 3 3/4 
percent per year. During the past few y§ars, however, domestic energy 
^ production has grown at a slowe^r rate,; less than 1 percent per year, as gas 
and oil have reacljed peak production rates'; and a variety of factors have 
limited the use o^^oal. , 

^ The recent^embargo on oil imports into the United States from some 
Middle E^st and North African production areas and the large, sudden in- 
crease in essentially all iniported oil prices have^ raised serious and urgent 
" questions of national energy policy. . These include the feasibility and desira- 
bility of reducing or eliminating oil imports --becoming self-sufficient in 
inergy- -along with questions as to the rpeans of accomplishing sucH objec- 
tives, the time required, and the costs^-in money , 'resources , social and 
economic changes, effects on the environment, etc. . 

This report addresses essential questions related to the reduction or 
elimination 5f energy importsj but it does not seek to answer all of the 
questions outlined above or those that are^iiecessary to determine national ^ 
energy policy. The report seeks to provide^ an appraisal on a f)ractical 
engineering and judgmental basis on the ifollowing matter s: • 
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o The- magnitude of domestiq energy supplieis and demanijs between now 
and 1985 in the United Stage's. 

o Realistic possible programs'and estirnated production achievements 
in each of the significant energy arjeas. along-^with the implen>enting. actions 
that Would be required by government and industry, the schedules, costs, 
risks, resource requirements (men, money, materials, water, etc, ), and. 
other Constraints, 

o An assessment of the potential total production^ (or decreased de- 
mand) if aH programs identified were carried^put simultaneously, along with 
an evaluation of the possibilities and costs of such' an ^overall program in 
terms of available resources and other constraints, 

o important factors to be considered in the implern;entation of- those 
portions of the program identified that might be considered desirjable as a 
matter of national policy. v • 

■ ' * ' - 

Since in the judgment of the Task Force the next decade is the most 
critical period fpr reducing cTr eliminating imports, the study was confined 
to the time period between the present and 1985. During this period, 
research and^jievelopment would be unlikely to produce new sources of 
energy on a large scale, and time factors would limit increases of supply 
to expanding domestic productiqfi from known sources. 

A further basic consideration was that, whiLe it was assumed that 
production programs, if carried out, would be implemented aggressively 
both by gbvernment and industry with a real sense ©f urgency and high 
priority on resources, it was also assumed that they would be done without 
the type of government structure, directives, and direct financial support 
characteristic of a wartime economy. - 

A further objective was to identify to the extent possible those spe- 
cific actions that should be taken now, in 1974, if tt is desired to initiate ^ 
or expand the various energy programs that could have significant impact 
before 1985. . > 

No attempt is made to pass judgment on wllether energy self-suffici- 
ency is a wise policy, d^irable, or- even feasible. This report dcJtes n^ot - 
consider questions of social inequities or changes, economic dislocationa, 
etc. , that may arise from costs of energy programs or failures to achieve 
specific energy production godls. It does not consider the issues of accept-, 
able^s^ianges in living standards, life styles, or what can be accepted In' 



14 



' terms of changes in the environnnent. These are innportant 'questions that 
must be considered, along with others related to national security, the ^ 
iriter national monetary system, etc.-, in arriving at a national energy policy. 
' \ This report does not^deal with long -r^nge R&D efforts that can have 
r*,a significant effect only beyond the next 10 to 15 y*rs. Such efforts, how- 
ever, will be essential to the longer-term satisfaction of U.S.. energy 
, * requirements. , . \ ' 

•• « ' . « ■ 

APPROACH ' ■ \ ' 

/.Many, excellent studies on national energy have {Provided background 
> data for this analysis. These reference studies lare listed in Appendix D, and* 
their forecasts are summarized in Appendix C/ Few of these address the real- 
life constraints now experienced by industry and government in attempting any^ 
' energy expansion project. / - « 

UNITS . . ' . 

The reader is cautioned that energy units and conver sidn factors amoxig 
^the reference ^j^ocuments vary widely. The units and conversion factors used 
I in this report will be found in Appendix B. \ ' ^ 

\ Abbreviatioifs used in this report differ from thoie in some of the 

energy industry. For simpli?city, a s^t of terms was adopteiJ with the non- 
technical reader in mind. . ^ 

ABBREViItION^ USED 



Abbreviation 




V Term 


Kwe 




Kilowatts electrical; \, 


Mw e 




Megawatts electrical, or thousands of K'we 


Gwe 




Gigaw^atts electrical, or thousands of Mwig 


Kwh 




Kilowatt hours \ 


MBPD 




Millions of barrels of oil equivalent per day 


" MTPY 




Million's of tons per year (of solids, e. g. , coal) 


BCFD ^ 




Billions of cubic^^^per day (of gas) 


TCFY 




Trillions of cub4c[feet per year (of gas) r 



nit should also be noted thkt^in this repo^ ^»demand»» is defined as being 
tK,e Sum of domestic consumption plus exptirts plus any change in inventory 
(usuaii^y,^mall or assumed to be^zero) and is thus equal to donriestic produc- 
tion plus itriiports. The use of these terms varies widely in the energy 
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industry and in the literature. 

Unless otherwise-noted, all references to costs are in terms of, con- 
stant 1^73-1 97"4.dollarsj iiiflation effects are , not explicitly ^ ^ 
study, 

LOGIC 

. . ' ^ / 

Chapter 2 describes the bveirajl dimensions of/ene^gy supply and de- 
mand in- an attempt to define the Wignifioance and magnitude of the problem • 
over the next cfecade. / 

The next, five chapters of this report. divide the demand and- supply into 
.ir^dividual topics and discuss present status as well as the changes that are w 
ypossible in the nexf 10 to 12 years. Pcttehtially beneficial ^vernment 4c- 
tipns that could be taken in each area are outlined, as* weil as ^schedule, 
codt, resource ^requirements, and others. ^ 

In Chapter, 8 judgments on possible production levels are tot'aled, .and 
examination is made of secondary constraints, such as ' ^ * ' 

/ o Time and S.chedules ^ o -Wat^er ' ' \ . 

o Costs and 5*inancing o Manufacturin'g - 

o Environment o Manpower ^ ' 

^ - ' 'o Technology ' , 

In Chapter 9 institutional arrangements are' discussed, and Chapter 10 
-preseiits the conclusions. * ' . - 

fi ' - ' ' ' ' 

CRITERIA ' ^ , 

he Task Force decided that only programs and technologies that 
could make significant energy contributions before 1985 wouid'be included 
in this analysis. Technologies and programs were included only if they met 
' the following^ criteria: 

p A new synthetic fuel process or other energy source must 
^ appear, capable of achieving at least 0.3 MBPD producltion by 1985. 

o Processes must be already developed or far enough^developed 
to provide the basis of production by 1985. 

o The technology or process must not rely on speculative, 
/ 'as opposed to reasonably assuredji^ R&D success.^ 

o Development of the teclSnology or process must not involve 
"an unreasonable financial risk to private enterprise. 

o The technology must be 'within the limits of available ^ 
resources in manpower', facilities^ water,, and capital. . 

■ ■ ■ ■ 16 . . \ ■ T- • 
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.These c'riteria exclude the following technologies: 



o Solar Electric, Power 

o Fusion PoW(er 

o Fast Breeders^ 

o Tidal Power 

o Wind Power 



o Hydrogen Fuels'^ * 

o Nonindustrlal Electric;^ 

' Auto mp biles • ^ 

o Power from Ocean' 

^ Temperkture Differences ' 



Although not tre|.tfed in this analysis, the Task Force believes that 
several of these ar e.y^important for the long term and that appropriate R&D, 
efSCorts should proceed vigorously on them now. x 



A. 



Chapter 2 



THE PROBLEM 



^ BACKGROlJfir/ 




0- 



Increasing demand for^'energy- and dqcr^easing or constant domestic 
production of oil/and gas have led the United' jstates to impojpt incr easii^gT^N^ 
.amounts of oil. Up until three years' ago, th^e impo^yts were largely from 
^^anada.and South America.; . ^ > V - ^ 

In 1970 U. S./ energy den>and|fes ec^uival^nt to ;3 3^. 2 million barrels* 
^ per day (MBPD) of' oil. V triergy prG^ from domestic sources was 

^ equivalent tO'29. ^ M|BPD. Since 19 70^*the dome filfic supplies haVe only in- - 
•w- creased to 30. 6^MBPD; but r by -l^f 3 /^energy dernands ro^e to" 37. 2 MBfl^D. ^ 
^The additional supplies came ijmost totally from, oil Imported fram tMe Mid- 
•\ die East and North Africa. . - ; t ^ . \ 

1 Energy consumption has betenVgrojH^ng^in other countries ^aiso*. This . 

.has led to increasin/worldwide c\>Qapf^tion lo't enefgy supplies, particu- 
;^^^^larly environmentally at trac^^ au9^as low-sultur oil and liquefied \. 

'^^Jiaturajl gas. Japan is largely dependent dtl imported oil, coal; and gas. 

Th^^United Kingdom and Eurppe imrport more*tKan haff of their energy re- 
, qi&irements, largely fronri the Middle^East and Africa. Although world ^ 
/ energy'^roductiye capacity has , been intrreasing,, ^demand has grown at a 
I higher^rate ah* sp^ire jpapacity has b€K;ome qttite small. One result of these 
*| pressures is that worldwide price s^i oil.hkve increas^e.d sub stanti ally ",dur- 
.ing the , pa St years, even be^re the oiU eiyibajrgo of-1973 and the sQt^quent 
price increase. ^ . / ' \. > , ^ 

|j| Inpreased oil prices and^increased dependency upon imports raise 
issues of reliability*of supply and balance of trade. They also strain tfeie 
international monetary system. ' . * *V 



r 



'Assutned^ at 5. 8 tnillion Bt\i per ,barrel. 



Anotherproblem ie.a growing dependence on (orcign refinerieB* Crude 
oil iTOportB v{oWb for years limited |o 10 percent of donrieBtic production, but 
reeidual oil impprte were not limited. In this circumstance*, new ^'topping'' 
refineries were l?uilt oi^tside the United States to produce large amounts. of 
residual oil, wJ^ch could be imported freely. More recently, relaxation of 
import controls 
take time befor^i 



^environmental a 

.. . ^ 



has spurred construction of domestic refineries; but it will 
these are in operation. AlsOr^f domestic crude production 
can be increase i, adciitidnal domestic refiner/es will be needed, posing' 
iting problems^ 

Another concern is that the productior/ rates in the major oil-supplying 
cbuntries mav not keep up with projected g/obal requirements for oiU Pro- 
duction capacity in 1973 was barely adequate to meet worldwide demands. 
Exporting countries having large oil reserves may not wish to expand their 
facilities since ^eir incorhe from oil al/eacly exceeds their domestic needs. 
They may well wish to extend thieir oil production over a longer period of 

RECENT EVENTS \ , . / ' . 

, The recent embarjgo on oil iniports and the oil price increases have 
forced attention on U. S/ energy dependence. 

\ Shortfalls irf energy supply resulting from the oil embargo have caused 
inconvenience and spot shortages. An extended or resuThed enrlb|M|go m/ght 
l.ead to more seripus economic consequences. World market oil^rices seem 
likely to remain high, and long-term economic ramifications Seem Ijvevitable 
including modifications in world trade and alliances. 

An obvious response to this situation is to increase emphasis on reduc- 
ing domestic Energy demands and increasing domestic energy suppliesv 
This response is apparent^in nearly every major oil-consum'ih^ country 
today. For the United States, the question is: How much and by when? 

' '■' ' '\ . ■ , , ' ' , ' \ 

HISTORICAIj SUPPLY -DEMAND TRENDS . ' 

* • ■ . » 

Many forecasts of this Nation' s energy supjply= and denr\,and trends have 
been made for the remainder of this century. A number of these are sum- 
marized in Appendix C. A review of these projections, which were based 
on historical trends predicated on the continuation of low-cost energy availa- 
bility, suggests demand r.ates of 45 to 50 lOlBPD in 1980 and 54 to 6iO MBPD 
in 1985 as probable ranges of domestic demand. The'^Task Force studied 
these demdnd projections and, from them, synthesized what might b^ re- 
^garded as a most probable for eca st for. getiexaUscopipg purposes. This is 
set forth as the ''Previously Projected Demand*' curve in , Figure 1. 

• . . V " ■ 
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Several estimates have been made of the reduction infdemand due to 
higher energy prices and emergence of an energy conservation ^'ethic. For 
purposes of analysis, the Task Force used a median deviation from the 
historical demand curve based on 'these other studies. (See, for e.xample, 
the projections taken from The N^^tion's Energy Future, the report sent to 
President Nixon by Dixy Lee Ray, chairman of the Atomic Energy Commis- 
sion.) / / ' ' 

The* ehergy supply from domestic sources }S illustrates^ by the bar 
graph at the^eft side of Figure 1. It shows that domestic energy production 
for 1973 was a*pproximately as follows: 

X . , .. ; . 

J973 DOMES^t^K: ENERGY SUPpLY^ ' - 



Source 



MBPD 



Crude oil and natural gas liquids 
Natural gas 
Coal and lignite 
Hydroelectric 
^Nuclear 



10. 1 

11. 9 
6. 8 
1.4 
0.4 



Total 



.30. 6 



* Va^ioiis estimates have been made of domestic supply under economic, 
conditions predict^d-up until mid-1973 (Appendix C).; A rough median of 
these is, as shown on Figure 1, atout 40 MBPD in 1985, an iiicrea^e of about 
10 MBPI> over 1973 domestic production levels. 



FUTURE OUTLOOK 



The Task Force concluded that the fxiture supplies and demands could 
most easily.be understood if energy were assessed relativfe to supply and 
demand in 1973. 

Domestic ene!rgy supply was 30. 6 MBPD in 1973. These domestic 
sources of energy// if not expanded or supplemented with additional sources, 
would produce, T;! the judgment of the TaskjForce, only about 20 MBPD in 
1985. Thus, 'tfi^ programs envisaged by industry in early 1973 or before to 
achieve about 40 MBPD by 1985 contemplated a total increase, on the order 
of 20 MBPD in th^ intftrvpninp/^eriod — a lar ^ p;e a n d^nostly effort. 

Under thesife circumstances, it was contemplated prior to the oil em- 
bargo that the difference between derha;id and supply, about 18 vMBPD, would 
be made up by imports. The risks, as well as the copts ($30 billion per*^ 
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/^ear or mo/e by'198S at $5 per barreU^were already a matter of serious 
concern. / / " \ 

Assuming major initiatives to reduce demand "by 1985 to. a net o{ 51 
MBPDy/tlie net increase in supply from present domestic ^production levels 
to app/oach zero> imports would need to be about 20 MBPD. The »»new'» pro- 
dlxction would hav^ to yield'abbut 30 MBPD, which equals the* entire doniestic 
energy output in 1973. Needless to say, increasing the domestic production 
by/such a factor (and decreasing consumption by 7 MBPD as well) in order 
to achieve^zje^ro imports would be a monumental endeavor, whether done by 
^/1985 or later . ^ , ' ' 

A While these figures are imprecise, they indicate the magnitude of the 

energy problem. They also indicate the scope of the programs required to 
provide adequate, reliable, and reasonably economic domestic soufces'of^ 
energy for the United States in the years just ahead. In 10 years domestic 
supplies must double. ^ 

The supply-demand picture can be considered to be made up of the 
/ following components: ^ v . 

o Reductions in cpn sumption* through improved efficiency 
and conservation pi'actices.'' 
' ^ o Base production froraf existing domestic sources — 

declining In the case of oil, gas, and coal. - 

o Enhanced production from existing domestic sources. 

^ \ o -Production from hew or undeveloped domestic sources. 

o Imports from foreign sources. 

o Actual shortfctUs, resulting in rationing or allocation 
-to forcibly reduce consumption to available supply. 



/ 



These divisions ar e , arbitrary bdt useful in the context of the preSent 
analysis. If we are to avoid shortages h\lt still wish to reduce imports 
quickly, emphasis must be placed principally on enhanced production (e. 
secondary and tertiary oil recovery) and .consumer -use reduction. Ne 
sources of energy will become Available only in later years. 

Some further implications can be drawn. If imports are re steered . soon 
to the niid-1973 level, the supply would seem to be marginally ad^uate for 
several yearns as long as projected decreases in demand can be tmplerriented. 
However,* shortages will appear sdon thereafter if iniports .are not expanded 
or'd64[n^fe*tic supplies increased in the intervening time. It will be several 
years before domestic production will increase to the rate at which demand, 
as i^odified by conservation, is expected to increa^. Ther efore , * it would 
appear that significant oil importation leve^ls will indeed be necessary in the 
short term, even if a major effort toward increased self-sufficiency is 
launched now. |£ adequate imports are nqt .available » the economic cortee^. 
^quences of prolonged shortages will be seridus* v * 

\ ° > 22 ■ ■ • 
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Considerable effort must be extended toward early significant demand 
reduction thrpugh both technology improvements and conservation practiceav 
To the extent that this effort cannot reduce demand and to the extent that 4 
thf flation does not wish to /ely upon imported energy, qur domestic sup- 
plies must be increased. 

The'se possibilities are discusaed ixi the next few chapters. 
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Ch£k]^ter 3 y \^ 

CONSERVATION POTENTIAL " 



INTROpUCTION-AND OVERVIEW ' \ . ^ 

^ The Task Force considered two categori^of conservation nieasures 
that could reduce the^nergy projections for 19o§. 

The first category and earliest means fcyr redtming energy demand has 
be^h referred to as* the * ^conservation ethic** — avoiding waste an4 "doing 
w^ith^less." It includes voluntary conservation of fuel usage and governmentall— ~ 
fuel allocations that have beep the mechanisms employed duringjthe irriposition 
of the oil embargo. • - 

Price incrlaases are also expected to stimulate voluntary conservation. 
A number of estimates of demand elasticity with price have been made by ^ 
others based on economic theory. Differences exist in the elasticity pro- 
jecte'd in these estinriMe^ and in the social arid political consequences of 
sudden^^ rice increases.; But they cQncur that adjustment in price, the tra- , 
ditional method of equating demand iind supply, will prove effective in energy 
conservation over the long run, . 

In the past, energy surplu^and low prices created a tendency^ be waste- 
ful. In such a climate, consumption was effectively encouraged by promo- 
tional efforts of primary energv^y^qduc^ of manu- 
factureirs of energy-«Jiifluming^evices. Theln&i^^ased prices already* 
realized for energy and fherp'rospects of further risetivttie next decade 
should be effective in reducing these causes for unnecessary energy 
consumption. " . * 
^ In this analysis, conaeryation potentials were not based on demand 
elasticity projections. Rather^ they reflect estimates of the changes in 
demand and use that are technologically and economically achievable befc 
about 1985. / " ^ . ' >^ ^ 

The second category for conserving energy involves some added capital 
investment and/ or employment .of new technology on the part of users . Such 





'measures/ can be stimulated by higher energy prices or by expected limitations 
to availability and continuity of desired energy forms. 

^ The cost of energy over the useful life of- a device Has often been ignored 
by builders, contractors, and pWners in favor of conveijiience and low initial 
cost. Future choices of ejt^ergy supply. and energy-consuming, equipment will 
undoubtedly consider life-cycle energy costs, but the Task Fo^K^e recbgnizes 
that this inv9lves rather substantial institutional changes ajidfin itself will 



p^^ably be slow to evolve. . 

r New c<rnstruction of ind^istrial, coftimerqial, residential, and trans- 
pdrtatiojHfacilities can, of courses be the immedi^ite beneficiaries of more 
eiiicp^ energy-conserving ^|echnoi^y and iri^ But tW^ace of new 

ccJnstructioiM^sually avS^ages^N^oerxzeiit to 6 percent per yejafe^of the existing^ 
faqility-b^C^. At this pace, even^a <|.ecade of expansion^w^l majce limited re- 
di^cilpn on\he energy demands prbjjected for these pi^poses.^ , 

" X A largeV opportunity ip repres^i^ed by conyeTsion of existing facilities 
to ibwer-coBt or more energy -effici^nt^^ l^uch retrofitting may become 

attractive in some, area's whene availabilitv of energy may be jeopardized or' 
where , prices are significaihtly* higher thait alternate fuels. But the Task 
Force c6riclude4 that' reirdfitting of existing lk<:i^ties would pivg>ccLed at„ even 
a slower pace^han conversion of new facilities to more efficient energy forms, 
although it would be spared jDy progires^ in the latter. 

Accordingly,", the effe^t^rom this second category will b^s slow in 
coming, bat once implementedrh^ will be continuing. The effects from the 
"doing vith l,6as" category are immediate, but they may not persist with time 
because of the l^ividual constraints i^Squired to make them succeed.^ 

At this ptpint,^ the Task ^'brc^has little data on which to base conser- 

vation trends. Having the two consei'va^on categories in mind, e^Mmates 
were derived by examining the technologic^bl^nd economic demand i^edu^Ltions 
believed achie^i^aferle in the areas of supply and usage, 

* In this connection, it was noted that a third form of con^rvation shou 
be emphasized. It is tHe reduction of oil and gas usage throughv substitution 
of more abundant indigenous resources like coal or nuclear fuel. While sue 
substitution for oil and gas resources does not reduce demand, it oqes serve 
the objective of energy self-sufficiency. Many examples in the S(BCon4 conser 
vation category will serve ^his objective as welU / ' ^ x 

The above categories of energy conservation portend a complex variety 
of physical changes that wiljf probably occur in each consumption sector and 
use area and that will reduce demand for 1985 below the levels projected 
earlier. ^This physical response of the mai:ket is the subject of this chapter. 

. \ • •• "\ ,^ ' ' ^-x---,. . 

PRESENT ENERGY SUPPLY AND DEMANfD \ ' . 

O As a basis forxevaluating the potentials for the above categories of energy 
conservation, the Task Fbrce examined present patterns «of energy supply 
and demand by use area and by consumption sector. 




The approximate 1973 consumption of energy, according to the major 
areas, of use, was,: 

ESTIMATED 1973 U.S. ENERGY -USE PATTERN* 



Use Area 



Percentage of 
' National 
Use 



Equivalent 
MBPD 



Traxisportation 
Space heating 
Process steam-' 
Direct heat 
Electric drive 
Lighting , 
Water heating ^ 
^, I Feedstocks 

Air conditioning ^ 
Refrigeration 
Cooking - 

Electrolytic processes 
Other 
Total 



25 
18 
16 
11 
8 
5 
4 
4 
3 
2 
. 1 
1 

2 

100' 



8. 82 
6.39. 
5.75 
3.87 
.2. 7 
1.97 
1.44 
1.29 
1,09 
0.69 
0. 35 
0.45 
0. 84 
35. 68 



^Developed by extrapolating 1960rl968 relative trend data, by use- area'* eind 
applying to total estimated energy consumption in 1973.^ The difference 
between^this energy consumption and the energy demsind in Chapter 2 
(37.2 MBPD) is accounted for by exports and changes in stocks. 

Transportation uses more energy than siny other single area. It is 
uniquLely dependent on oil as* the only fi;^el system presently suited to the ; 
mobility of the U.S. life style. iJt is the area for the greatest efficiency im- 
provement, as will be reviewed in the next section. 

C)ther major opportunities for reducing waste and improving energy 
"efficiency lie in energy supply for the following: 



J^73 Estimated Percent^ of 
Total Energyj-U'Se 



Space heating 
Process steam 
Direct heat 
Water heating 
Lighting 

Total Opportunity 



18 
16 
11 
4 
5 
54 



These areas also incluae major opportujaities for potential electricity 
substitutipn* Together with the present all-electric use areas, they indicate 
that more than 60 percent of the energy system expansion in the future could, 
if it wefe a matter/of national policy and resource support, be accomplished 
by'elecfrification, using coal and nuclear fuels to relieve the dependence on 
oil and gas, \ 

Much publicity has been given to the limited efficiency of electric con- 
version from fofrsil fuels, creatin^g the impression that direct use of these 
fuels is highly -efficient. At the p^biht of use, electric power approaches 100 
percent efficiency; and overall its efficijency. from^^u^tp useful output is in 
the range of 30-35 percent. The/ efficiencies fo'r direct use of fossil fuels 
depends on the application and om how well the equipment is* maintained. Good 
industrial process steam generators can be in the range of 65-70 percent 
efficiency. 

Well-maintained space heating systems are in the same range. On the 
other hand, automobile efficiency in a typical urban operating pattern can be 
as low as 10 percent with steady highway efficiencies running up to twice that 
level. Fbssil-fueled water heaters are intermediate. 

Another useful way to explore potentials for^energy conservation is to 
examine the energy consumption mix according to use sectors. This infor- 
mation^ for 1973 is illustrated in the following table: 



1973 US ENEflGY CONSUMPTIOJ 



MBPD 



Sector 


«? , 








NCi^cella- 






Residential 








rraous Un- 


Total 


Fuel. 


and ^ 
Commercial 


Industrial 


Transpor- 
tation 


Electric 
Generation 


^couhted 


Con- 
suirption 


Coal ' 


0.17 


2. 10 




4. 11 




6.38 


Qil 


3.32 


2. 86 


8.47 


1.62 


0,12 


16.39 


Gas 


3/78 


5. 11 


0V38 - 


- 1.85 




11. 12 


Hydro 




0. 02 




1.37 , 




1.39 


Nuclear 








0.40 




0.40 


Total 














Primary 


7.27 


09 


8.85 


9.35^ 


0. 12 , 


35. 68- 


Electric 














Usage, • 


1.69 


1.25^\ 


0. 01 


6.40^ 






Totai \ 


8. 96 


11. ,34 


. a. 86 


" 6.40 


0. 1^ 


35. 68 • 




cition losses and the 



2.95 is distributed to the use sectors. 



From this table, ,it is noted tljat oil used ^or transportation accounts foi 
about one-half of the total oil.conBumption. Aoout 20 percent of the total J 
^energy consumption by the residential/cfommercial sectors, mostly space 

. . ' 27 /: . ^ * ^ ^ 



heat as illustrated in the table on p. 26, is shared about equally by oil and 
gas. Of the industrial heating requirements, one -half is met by. gas aifid* one- 
quarter by oil. Coal supplies almost half of the energy used to generate 
electricity, while oil and gas supply 37 percent. While power generation, 
space heating, and industrial l>eat have the greatest potential for interfuel 
subatitution, this is not true at present for transpo.i:tation. Electrification of 
'mass transit and specialized vehicles (sucja'as delivery trucks and urban 
vehicles,) should be growing rapidly by 1985, but it is not expected to enhance 
interfuel substitution significantly by that time. y . 



ENERGY SAVINGS ^C(3nSER\ATION 



Experience with conservation measu'res in industry suggests that 
average energy savings of some 10 percent can be achieved without limiting 
output. ^ These savings are, approximately two-thirds for facilities utilization 
and one-third for process utilization. Examples include more efficient 
utilization of space heating and cooling, avoiding leaks and waste, ta)Bk-le>>«fl 
lighting, and avoiding partial loading of equipment or running equipment not 
in use. These" savings can amount to 1. 5 MBPD by |1985, and energy tosts 
now provide a stimulus for doing so. " / 

Transportation, as mentioned in the previous section, i"s a major areV^. 
for energy conservation, including judicious use of the automobile. C<^^-^ 
tinuing the 55 mph speed limits, even naodest increases in trip reduction 
(travel and pooling of shopping tript) and car pooling, can, save about 1 MBPD. 
Increases in airplane load factor, already begun, can s^tve another 0.3 MBPD. 

Finally, the residential /commercial sector provides many oppor* 
tunities for conservation, depending greatly on the attitude of individual users. 
About 1 MBPD can be saved in home "and commercial energy by the suni of 
actions such as raising temperatures as little as 2° in the winter, by weathef 
stripping to avoid leaks, and ^y'^use^of window shades and turning off un- 
heeded lights and appliance^. ^ Government studites indicate that the 2^ thermo- 
stat change>lonfe would save 0.6 MBPD by 1980. » ^ A public information 
progranvfor wide dis^mination of voluntary practices that will reduce demand 
shouJdfbe very effective in this area. 



ENEiltGY skviNG BY^U^ 

1 ■ ^ ' 

One^of tM most obvious and significant reductions in consumption 
could be broiignt about by the increasedruse of small automo'biles. Fuel con- 
sumption is aimosre direibtly proportional toN^ar^eight. Some 500 gallons of 
gasoline eq^valen is saved in production of 21, OOO-lb car compared with a 
5, 0007lbJnodel; and smaller cars se^m to be gaining in ponfularity. In the 
i973-model year, 'for pxample, the industry production capacity about 
3. 5 million small cars. In 1974-1975, automobile makers report that they 
will be able to produce about 5 million, abou^ half of the anticipated total 



N^prbductifon/ Even such sharp chaiiges in trendy; however, cannot strongly 
- stff^ct jWel derA^id from one year to the n^xt. The average life of an automo- 
bile is abaut*^10 yBars, and a change from the present mix df jpmall" cars to 

large cars wQuld be\relatively slow. ; — 

With the expected^^rowth in car population, fuel demand would increase 
in absolute terms'. Although som^ improvem ent in-fuel economy (miles/ 
gallon) can be expected fr^m better engjta^ design, muQh of ^his improvement 
would be lost with the expanded use of exhaust piollutidn control devices. 
Nevertheless, with the anticipated shift to a larger fraction of smaller cars, ^ 
there could be a substantial reduction in consumption below that expected 
were energy suppl^es^to remain ample. A change in our present automobile , 
mix from the current 30:70 ratio *of small to large cars to about a 50:50 ratio 
by 1985 would save at 1973 mileage about 1. 5 ^BJPD. Together with oppor- 
tunities for improved engines (for examftle; diesel stratifiedT charge) and 
other energy-saving features, the total saving in 1985 automobiles c^^n^asily 
reach 2 MBPD.^IncidetotallY, attainment of an average of ZOji^g^rsus the 
present 1,3. 6 would alone yi^d 2 MBPD. ^ Improvem^ntirtn^uck efficiency^ 
will add another savings of^^ 4 MBPD. ' Significant gains are possible ih 
intercity paurffenger and freight rnovin^ equipment, procedures, containeriza- 
. tion.^ -These can amount to 0. 7 MBPD. ^ ' 

Investment in better insulation for home and coScnmertial buildings 
would save about 1.1 MBPD, because space heating and cooling is a major 
area of energy use. Higher efficiencies can be obtained in equipment for 
. home ^nd commercial use amounting to 0.4 MBPD. Examples are con- 
version of one-third of incandescent lamps to fluorescent^ improved air con- 
ditioning, heat pumps; and h^^Jing^y stems; and more efficient appliances. ° 
- ' Improvement in indi^rial pfoceBses can save another 1 MBPD. A 
major'i area would be the expanded use of the basic oxygen process for making 
steel and improvements in aluminum- refining processes. The FEO foresees 
the Btu's consumed per product in manufacturing dropping 2 percent per year 
between now and 1985, copipared with 1 percent per year oyer the past five 
years. ^ ^ 

ESTIMATED DEMAND REDUCTION^ 

Consideriilg the above, the Task Force estilnatfes that a realistic target 
for reduction of demand is about 8 to 9 MBPD by 1985.* Tliis target can be 
compared with savings projected by the Shell Oil Company of 3. 3 MBPD by 
1980 Vnd 8. 5 MBPD by 1990.^ An illustrative breakdown of the^Task Force's 
target range is shown in the following table: 



*One member of the Task Force believes that,\on thi^ basis of - studies per- 
formed at the Cal Tech Environmental Quality Laboratory, the reduction in 
Remand could be as high as 12 MBPD by 1985. ^ 
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/ ESTIMATED 1985 U.S. ENERGY DEMAND RlSDUCTION 



Category ' ^ MBPD> 

By Gonservation ^ \ ' ^ 

Industrial conservatidn measures\ «o 1^ 5' 

Transportation " . \ 

Lower speeds, car poqling / - 1.0 - 

AirplaJie lo5.d fjactors / > 0.3 / 

' Space heating efficiency 1.0 

By Use of Energy '■saving EIq\»ipnnent 

Smaller, more efficient cVrs 

Other transportation savings 

Better building insulation standards 

Residential and commercial equipment 

Industrial process efficiency 
Total conservation potentials 
""Less 15 percent for partial overlap 

To achieve the above, the physical requirements would^ybe the following: • 

0 Convert the automobile population from its >present 30:70 ratio of 
small to large cars to at l^ast an average of 50:50 by 1986. This will '^require 
the production of 75 million lightweight automobiles in the next 10 years. 

o Expand mass transportation facilities in/large cities. ^ 

o Ensure ^hat construction of 20 million required housing units have 
substantially improved inaulation. 

o Make industrial processes 10 perceni; less energy^-intensive, on the 
.averag^e. i - ^ 

o Do without energy through econpmyp;neasures and more efficient 
energy space heating like heat pumps. 

Beyond this is the reduced dependence on oil through greater ude of 
coal and nuclear fuel squrces. In 10 years the prejga'ure on petroleum fuel 
can be reduced substantuAly, provided barriers ta direct use of coal and 




nuclear fuel for electricity are removed. 
POSSIBLE GOVERNMEIJ^T AGTIONS 



4 y a ■ • 

Many of the redults above can be achieved thrbuglMh^ normal working 
of the Nation's economic system. However, * government can play an 
importaht contributing role through thfe following actions; indeed, govern- ' 
ment leandership may be the key to effective conservation achievements. . 



Life - eye le G os ting . Governj^ent purehisising poliey, sueh as on auto- 
mobiles, eould tak^Ufe-<rjrcl^ ineluding energy a^nd appropriate time 
values for mogfeyj^into^^cc^^ Instead o^ only lowest initial eost. Similarly, 
regulationiratieh as FHA housin^nsulation requirements^ eould embody aueh 
U'te-^iGle Energy eostsAxhe FHA-finaneing basis eould be expanded to 
ineludeV as aeeeptable appraisal ite^s, storm windows and doors, ext^a 
. insulation, heat pumps, etc, / v /^-x 
Transportation Systems > In grants and fihaneial assistance *otp 
tation systems, preferejiee eould bfe given to^those plans that appea#to be 
energy efficient and ea/i use more Abundant domestic fuels* For instance, 
coal ank nuclear power can.bei used to power electrified railroads and 
transit systenrxs* ' ^ / ' ^ - 

Information^rogram > Government could/continue to encourage volun- 
tary lidtional^^^^ Specific suggestions on how to save energy 
or substitute more abundant energy forms for oil and gas could be widely 
disseminated. The public must be riiade aware of the long-term nature of 
our current energy problem, the econ6mic and political implications of not 
. regaining oi/lr oil and gas self-sufficiency, and the need t<^ adapt to higher 
energy costs in the future. / ' ^ * 



^Ihapter 4 



COAL 



. INTRODUCTION AND OVERVIEW , " 

' Coal aftd lignite are under -utilized fuels having a lirf^ited substitution 
- capability .for .oil and^^as ^nd the poteiitial for being converged to oil and gas. 
Tlttf-need for increased utilizatiort^of dornestic coal res^pry^s has been cited^ 
ftiany studies. ^ ' ' . p> ' = 

Recoverable coal resources in the United^ gtates oah provide decades 
a^d possibly centuriei^ of fuel and/Ky'drocarbon supplies^ to Jielp meet energy 
^em.§nds. The technologies for/mining, washing;; transporting, and*burning^ 
coal^are well known.. Coal can be converted into electricity, heat, gas, and 
eventuctlly ir^to heavy liquid and lighter distillates to serve essentially all of 
the energy-consuming friarkels. ' K,* ' , » 

On the other hand, the production ar^d use of coal involve s»potential ^ 
environmental problems arising from^u^f^ce tpining, air potjiution caused 
b'y direct burning, and health ar^d safety^ r i sks dn vtndergr9vind)mil^ing. Thege"^^ 
problems affect the costs and availability of coal. ,Trade-offs arfe Involved, " 
v/hi^h need to be evaluated carefiilljyr if this 4omestic eji^rgy resource rs to 
l^e utilized at increased leV\els in the futuije, ^ „ - 

« Tlflre ai**e, several separable facets to 'j^Jij^e coal utilization progiram: 

These suj^progrkms — ^<^oal mining', coal transportation, ^and co^Ubased^ ( 



\ 



synthetics -r are discus se 
cussed in Chapter *5. 




COAL Mir^G 



Backgroiond 




iiig power stations are^is- 



i, Reiative^to other fuels,, coat has been declining in i^'portance in the 
United States. This situation -has been caused in part by interfuel cdmpeti- 
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tion ftom abundant supplies of low cost gas and oil. The result ha^ been a 
climate unfavorable to large investment. Mine "output declined by almost 
200 million tdns per year (TPY) from its peak prc^duction i|i the mid-1940»s 
until mechanization, particularly in surface mining , arrested the decline in 
' the I960* s. \ . ' V 

Other forces-also hegian 'affecting the rnalrketabili^y and costs of coal. 
Environmental constraints appeared in the form of air quality regulations, 
anci new strip mining regulations were promulgated. More stringent mine 
safety and healtb^|Avs and per sistent labor; problems increased coal mine 
operating costs and decreased productivity. | . 

- The pattern of production and consumption in 1973 is "shown in the fol- 
lowing table: - > - 1 

1973 ESTIMATED COAL FLOWS 



Sources 


Output 
(MTPY) 


Markets 


Consumption 
(MTPY) 


Eastern under^rourid 
E^ster|i surface 
Western surface 


300 
240 

60 i 


Po^j^er generation 

Coking 

All other 


370 
90 
80 


Total 


. 600 ] 


Total Cdnsumption 


540 






\ Exports , J 


-60 





Today, coal still faces significant cdn^traints on growth. Uncerts^in- ' 
ties concerning the future cost of competitive energy fo4*ms, particularly^ 
imported crude oil, hav^made some?^ consumers reluctant to sign long-term 
purchase contracts and ^ave discouraged opening of aome new mines. Un- ' 
certainties about proposed new surface mining and ryestoratibn regulations 
have held up new mining operations, particularly inr the West, from where 
most of the future increase in ^production^must ap'taarently conie. The 
s'carcity of water ija the West ,and environmental G/pnceTn s'" about' regiona^^^^^^^ 
effects of surfacenmining ar& inhibiting factor s.^/ In aiidition, there are coal ^ 
'mining labor p^bleme, inclining a current shortage of underground miner s 
and nniining ej^ineers, m^ing rapid expansion of produttion riiore, difficult. 
Finally, tlye number of old mines abandbne^because of depletion of their 
reserves/and because of r#w safety requirements will continue tb grow. 



Despite all of these problems, the Tc^sk Force felt that given sufficient 
incentives, 4t is within the' capability of the coal industry to expand mine pro 
duction by about 660 MTPY in the next 11 years along^ythe lines suggested in 
the folldwing t^ble; ^ 

ESTIMATED 1985 COAL FLOWS 



PRODUCTION ^ FORM - 



1974-1985 


: 1985 




1985 


Additions 


Production 




Input 


Source (MTPY) . 


(MTPY) 


Fuel 


(MTPY) 


Mine depletion (200) 








Eastern uhderground 280 


480 


Coal solid's 


■ 950 


Eastern surface » 60 


220 ; 






Western surface 520 


560 


^Synthetics 


310 


Total 660 


1,260 , 


• Total 


1, 260 



Historic mine depletion and replacement rates suggest that about one- 
third of the existing capacity (200 MTPY) will be replaced by 1985 with new 
mines in about the same proportion to the current type of production. The 
added ^ew production ie expected to come largely from western surface 
mine^ and eastern underground mines. Eastern surface mining should ex- 
perience a slight decline because of lack of new surface reserves and legal 
r^estrictioris on mining steep slopes. Eastern underground mining need only 
expand by about 60 percent if western surface mine production could be in- 
creased tenfold. The Task Force judged these to be rather realistic goals 
under the proper conditions. The logic behind this judgment is that western 
coals are in thick horizontal seams near the surface and are generally low 
in sulfur .\ Furthermore, western coals are of the Honcaking variety, rela- 
tively low in cost and, therefore, the most suitable for current synthetic " 
fuel -processes. Surface mining yields the highest productivity per man- 
hour, important in a labor-scarce industry; and economic recovery of a 
greater percentage of the available coal is higher' in the West than in either / 
surface or underg'round mines in the East, giving western mines an economic 
advantage. " - \ > / 

The reasonableness of the anticipated growth in western coal produc-* / 
tion can be judged from the fact that the necessary equipment for a 100 MTPY 
expansion of western mining is already^ on order and shquld be in-place / 

■ - . ' • ■ ■ / ■■ . ■ . / 
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Within 5 to 6 years. ^ The additional equipnient to acliieve the dcsii^.^d growth 
'should be forthcoming with proper incentives) 

The tjriagnitude of the projected increase in coal production can be 
, grasped better if the numbers aize translated into pfJypical facilities to be 

added. Listed Vlow are the kinds of actions that would b^ needed to achieve 

the estimated 19^85 production levels. 



o vDevelo]^ 140 new 2-MTPY eastern underground mines. 

o Develop ^0 new 2-MTPY eastern surface mines. - 

O Develop 100 new 5-MTPY western surface mines. 

o Recruit and train 80, 000 hew eastern coal miner's. 

o Reci^uit ahd train 45,000 new westei'n coal m'iners. 

o Manufacture 140 new 100-cubic-yaT4 shovels and draglines. 

o Manufacture 2,400 continuous mining machines. 



r 



Stated another way, on the average one new deep mine and one new 
surface mine i^ust be brought* into production every month for 10 years. In 
contrast, only 13 mines of greater than 2-MTPY production were opened in 
the 10 years from I960 to 1969. In 1971, there were only 25 mines operating 
that were larger than 2 MTPY and only 3 of these exceeded 5 MTPY. ^ 

The industrial capacity to manufacture large (80-100 cubic yards> 
power shovels is a potential bottleneck in the development of surface mines. 
There are only two manufacturer s and both are currently quoting deliveries 
in the first quarter of 1979. Today's total industry capacity has bi^en esti- 
mated at about one shovel per month, which would have to be expanded if 
these goals are -to be ipnet. - ^ 

/ It is worthy to note that the estimaf^ed 1985 production of 480 MTPY fo 
eastern underground mining is appr oxinm^ately.the same as it was in 1940. 

To increase the^coal mining capacity from its current level of about 
600 MTPY to a leyel of 1,260 MTPY would rfequire large capital Expenditures 
by the indu8tr>ry In terms of 1974 dollars, the expansion cast would be on the 
order of $21 bi^ion. To provide such capital, cash flows 'would need to in- 
crease and the market outlbbk would need to be stable and promising for a 
substantial time period, say 30 years. It is probable that average coal costs 
need to rise by $4 to $6 per ton in order to permit^recovery of these capital 

costs. ^ . > 

Government Actions ^ * ' 

Any program to expand the domestic coal mining industry rapidly would 
require the following steps tp be taken now: 

• ■ <t ■ 

o Market forces. If private capital is to be used, the energy market 
would need to set a coal price that is Sufficient to encourage needed invest-, 
ments in new coal mines. 

^ ■ • . 35 \ • V 
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o Stability , The financial risk of sudden changes in government 
tr«atrncnt of competitive energy sources could be reduced by developing 
and adhering to a long-term U. S. eniergy policy. Mine -operator s should , 
be expected to asdume ^conomic and technological ri&ks; but, if t^ey are 
to encouraged to incteas<^ mine production to feed new power plants and 
synthetic fuel plants, they need early definition and stability in laws and 
Regulations. Examples include sulfur dioxide emission standards (short- 
term variances will not lead to new mining capacity), sur f^cfe^mining res- 
toration standards, and oil import policy. 

o Western federal lapds. Federal coal-bearing lands* would need 
to be opened for leasing in 1974, wit|i no impairment involving surface 
ownership or lease. The'lead times for equipment and materials are 
long^ and lands need to Se made available in time to allow orderly develop- . 
rncnt. Mechanized surface mining of western noncaking, low-sulfur coals 
using block-and-cut methods for nlinimum environmental problems pierhaps 
offers the fastest way of increasing domestic coal^ production. 

o Mine -operating regulations . Trade-offs of standards and criteria 
for do^ign and operation of mines wo'uld have to be made to meet shorjt-term 
tKationa\ demand. Some relaxation of desired air and land quality may have 
to be considered now, with corresponding timetable^s for improvements 
later in the 1970's and 1980»s to aphieve the Nation's long-term environ- 
ment^il goals. Uncertainties brought about by pending changes or retro- 
; active changes on proj.ects underway serve to d^lay expansion progr.ams 
and discourage new projects. « 

COAL TRANSPORTATION . ' , ' 

Background . , 

^ f 

About one-half of all coal currently moves by rail, often in unit trains 
of 10. 000 tons or so, and usually over distances of less than 500 miles. 
Flows per track often reach 2-3 \^TPY. ? ' 

In addition to rail movements, another 20 percent of the coal moves 
from mine to market via inland waterways, sometimes in dual-mode sys- 
tems with both rail and barge movelments. The transpoxtfi^|ion pattern for 
coal in 1973 was approximately as shown below: 

1973 ESTIMATED LQNG DISTA^fCE COAL MOVEMENTS 



Transport Mode 


MTPY 


Railroad 


400 


Inland waterway . 


150 


Slurry pipeline 


5 


36 
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Coal from eastern mines will continue to move to markets by rail and 
barge, and "eastern mine -mouth power plants will continue to send out energy 
by high-vpltagfe^ transmission systems. However, tlie |>roblem of moving 
western coal to markets 1,000 miles or more away is a formidable one. For 
distances* more than about 500 miles, costs fcfi- hauling coal overland tend to 
increase linearly with distance, ' 

To be sure, much of the coal produced in western mines will move by 
train, train-bajge, and trainrbarge-train systems to major consumera. 
However, trackBeds need frequent repair and upkeep, and existing railroad 
trackage has a Q^actical saturation point. Beyond this^point, new expensive 
signaling and dispatching systems will need to be added to existing rights of 
way, or new lines will be needed to absorb the increase in coal haulage from 
these western mines. It does not seem lik.ely that irailroads and barge sys- 
tems alone can accommodate these possibre coal flows from the West. Be- 
cause of these factors, it is likely that pipeline systems will be a strongly 
growing competitor to rail systems. Such pipelined will occur in three sep- 
arate forms: slurry, gas, and liquid. Present estimate s ol^asification 
costs range from $1.25 to $1. 50 per million Btu, excluding the cost-of coal 
and transportation to nr>;irl?:et. These costs should be compare^ with less 
than .60^ per millior/Btu deliver eci costs for slurry pipeline or' rail-delivered 
coal to the )vlidwes/ market. Therefore, gasification is not even remotely 
economical for poyer generation. Its application wi^l be for domestic use 
through existing , Extensive natui/al gas distfributibn networks. Currently, no 
developed process exists for economical/coal liquefaction, and so syncrude 
pipelines are Ti«t as yet in contention fo/ western coal. The re^jnaining pipe- 
line alternatiye is coal slurrying. / / 

Coal slurry pipelines are an attractive way to ^Upplement the growing 
transportation needs for western coal. One 280-mil^-long coal slurry pipe- 
line capabl^ of moving 5 MTPY'has be^n operating quite satisfactorily in the 
Southwest:etn United States, and a new 25-MTPY line nearly h 000 miles long 
is currently under design. In intermodal competition fqr energy movements, 
there ar©^ trade-offs among available w,ater supply, ope^^ating staff, disposal 
of water/ escalation sensitivity, waterway availabilitv; and^system flexibil- 
ity that will determine the mix of train-barge systerrts versus pipelines. 

Transportation of electrical power by extr a 7;high- voltage ac transmis- 
/4\on becomes subject to instabilities at great distances. High-voltage dc 
systems are economical over long distances^ but ac-dc conversion costs are 
high and no major system exists as yet over 500' kv in the United States.. 

Figure 2 shows a comparison of the alternative practical nvodes of 
coal energy transportation to eastern electric power markets from western 
coal mine. 

Shortages of locomotives, gondola cars, and hopper cars are apparent 
even now; and in many cases power plant or mine owners will probably want 
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FIGURE 2 COST COMPARISONS OF Ai'TERNATIVE MODE§ OF^COAL 
ENERGY TRANSMISSION (for .l,.<f00-mile„transport distances) 




MI|.1.ION&TONSeER YCAB COAL 



to purchase-their own rolling stock. Safety and environmental problems will 
probably increase as traffic increases on mainline tra^fck^e. ' All new over- 
land transportation systems will need additional rights-of-way. rtew facilities, 
new crews, and new rolling stock. 
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Achievable Opacity IncreasTes 

. The Task Force judged that the transportation s•ystelfn-^wbuld be able to 
meet the requirements of a 6feO-MTPY mine output increase by these multiple 
appr6aches. It should be noted that, of this total increment, only 400 MTPY 
is the increase in coal to be delivered in sblid forms; the balance in growth 
is to be utilized for synthetics near the mine. It was judged thkt most of. the 
new mine production capacity in the East probably would be served by unit 
train and inland wa^e»y/ay systems, even though both of these capabilities 
would need to be expanded substantially. , — \. 

In the West, slurry pipelines were judged likely to make significant 
inroads on train-b^rge systems for ne^ haulage capacity beyond the maxi- 
mum that could be handled by the existing rail systems. This coiiclusion is 
founded on the automated, continuous, hidden nature of pipelines; their multi- 
ple land-use capability; their ability to operate one-way without empj:y re- 
turns; and their relatrVe economics. Environmental acceptability was judged 
to-be greater with pipelines thaji with other forms of surface traffic. In some 
western situations, the operation of slurry pipelines may be limited by avail- 
able water supplies. ^ ; 



ESTIMATEDil985 COA L TRANSPORTAfTION 
— — 19»5|Totai 

(MT^Y) 

1550 



Tra.n sportation 



Eastern rail and barge systertis 
Western rail and barge systems 
Western coal slurry pipelines 
Syngas pipeline (after conversion 
loss) ' 




A comparison of these estimates with the 1973 tr ansportati<in pattern 
shows that the Nation's rail-barge coil haulage capacity would ne^d to in- 
crease by 300 MTPY or about 50 percent and pi^ine capacity wobld have 
to increase by about 200 MTPY by 1985. ~ 1 * 

This estimated mix of coal transportation systems can be better 
Js^alized by considering their physical meanings.' Using rough averages, 
such an increase in haulage capability, could involve: \ 
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o Construction of 60 new 2-MTPY eastern rail-barg^e 
systems of 100 to 500 miles each. ; ' ^ ^ 

o Construction of 70 new 3-MTPY western rail -barge ^. 
systems of 1,000 to 1,200 miles each. , 

o Construction of 4 new 2 5-MTPY slurry pipelinjes of . ^ 

1 , 000 miles each. " • 

H o Construction of 2 new 2. 5 BCFD gas pipelines / . 

1 , 000 miles each. « ^ , » 

o . Manufacture of &, 000 railroad locomotive units. 

o .Manufacture of 150,000 gondolik and, hopper cars, 
each of 100-ton capacity. ^ ^ \ * 

There, is currently a ternporary shortage of open top hopper car^ 1*6 
number of open top hopper cars declined from 480, 000 in I960 to 388,000 in 
1969' !Although average car capacity increase from 60 tons^per car in I960 
to 72 tons. per car in 1969, the aggregate capacity declined. This situatioi^^ 
created a severe shortage of this type rail car and resulted in. deliveries 
being currently at nearly two yfears. / 

' Possible Government Actions 

Expansion of the' transportation system to carry 800-MTPY more coal 
over the next 12 years could be enhanced if the fbllowing actions were taken 
in 1974: \ \ ^ , 

o Railroads. Finkncial assistance would probably be needed to 
improve mainlinfe trackage and signaling systjems. Assistance in helping 
provide gra^de- Separated highway crossings cputd ble of material benefit * 
to affected communities. J 

o Waterways. A program could be undertaken to help ensure 
that inland waterway systems have sufficient capacity to absorb a large 
potential increc^se in coal movements. ' !; 

o Rights-of-W ay . Rights of eminent (iomain could be established 
and exercised to ensure that industry will be| able to obtain rigt^s-of-way 
for railroads and pipelines ^expeditiously. The possibility of using inter- 
state highway system right-of-way for energy transport by rail and pijpe- ^ 
line could be considered. i[ ' * . 

COAL-B^SED SYNTHETIC FUELS f 

Background 

Liquid fuel was commercially produced from coal iii Germany between 

0 :i ' . . , 

■ . ' ■ ^ 'f . * 

. ^ ^'l « . 
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1930 and 1945. Xhe most r ecent 'pla At built for liquefaction is in South 
Africa and has been operating- successfully for more than 15 years. 

The process technology in Gerniany and R&D activities in the United 
States have been extensively, treafed inVher studies. The. yask' Force 
attempted to estimat^ what^ level of -truly commercial production of synthetic . 
* coal -based fuels could be achieved witHin 10 to 12 years if adequate incent- 
ives existed. Only techri^Jogy that is ready 0*^: nearly ready for commercial ; 
application and is economibally acceptable is considered in this report. - , 
, Economics are difficult- to define sharply, but coal-based synthetics 

probably will htve importance as future price setters. On one hand, com- 
mercial production of coal -based Synthetic gases or liquids would set a 
ceiling on the value of imports or even marginal wells at home"; but undue 
haste towa¥d synthetics could cause, premature%:omm'ercial production, which 
could lead to Wnnecessarily high costs for synthetics,' with the result of in- 
viting others to raise natural fuel prices'by reason of an incomplete technol- 

ogy. i * . . 

In developing a synthetic fuel industry, prudencejis a major requisite. 

Un<ier no conditions could it be built up fast enough to relieve supply prob- 
lems in the 1970's or in the early .1980^ s. However-, it|will be important in 
the late 1980's and beyond. The cost of investing too heavily now in an im- 
mature technology could be burdensome later. Cautious optimism is desir- 
able. ^ ; . - 

Gasification of Coal , 

High-Btu Gas . Gasification is'the key processing step for conversion 
of coal to synthetics. Two, possibly three, "processes of German origin are 
available for immediate commercial application. In addition, there are 
' five or six different gasifiers under development in the United States by 
^ 'government and industry. However, no U. S. proces s can be con- 
sidered for wicfe-scal(e commercial use until it has b,een demonstrated at 
nea.rly full. scale-; this cannot be accomplished in less than 4 to 5 years. 
' ' Furthermore, the exte^isip studies undertaken by others suggest that 
efeonomic improvement of these new processes over the pre-sent Lurgi pro- 
cess probably cannot exceed 10-1 5 percent, assuming that all forecast im- 
-^ovements are achieved, which must remain doubtful. The Task Force, 
therefore, assumed that full-scale methane-from-coal plants based on the 
Lurgi process, and perhaps other s can c^ontribute to the energy supply in a 

tneaningful way by 198-5. ^ / 

Medium -Btu Gas . In addition to high-Btu gas, there may be another 

tnarket currently served by natural gas, where a leaner gas might be 
acceptable. Such lean gas can, viry from 300-Btu/CF mixtures of CO and - 
H2 only, to 500.-Btu/CF mixtures with additions of methane. These -are the 
"raw" gases available from any of the demonstrated gasification processes, 
including Lurgi, Koppers, and Winkler. - 
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This lean gas^market could include powei: plants now fired by oil^or 
gas and not convertible to solid coal. It is possible to convert these units, 
and. many industrial plants, to such medium-Btu coal-based gas and to re- 
move sulfur from the gases befor^ or after burning. But there are economic 
problertfs in piping medium-Btu gas over any but short distances.^ There is 
also a lessen thermal efficiency for gasification compared to direct f oal 
burning. For the evefn lower heating value, producer gas (175 Btu/CF), a key 
concern in conversion from oil/gas to coal firing is the 30-35 percent boiler 
derating "i^ssociated with the use of this lean fujel that refsults from the addi- 
tion of nitrogen to the gas. The merits of diverting natural gas from pov/er 
plants by nj^dium-Btu syngas versus direct manufafcture of high-Btu syngas 
are speculative. If medium or low-Btu gas finds a market,, it will probably 
be in firing new combined-cycle power plants or in converting existing .9il/gas 
power plafits in the southern and southwestern parts of the country. 



iquefaction of Coal . . • 

— * • • — '\ • .-. 

/ 

V - . - 

With vast reserves of coal in the United States and with the gr.eat de- 
^'mand for liquid fuels, one of the most important questions needing an answer 
is that concerning prospects for conversion of coal to liquid fuels. . ^ 
^ ^ .The Task Force considered this question and concluded that^, .while 
there could be«a number of demonstration pl^jits each 4>roducing per hajis 20 ' 
to 40 thousand barrels per day of oil from coal by 1985, 'there is no rational . 
way by which substantially larger amounts of |>rodijction can be achieved by. 
that date. .Even this magnitude of production would require an 'intensive . 
development program. By the early 1990»s, the results of such a'prpgram 
could be commerc^^al production of oil from coal on a scale of millionsiof 
barrels per day. If this is to be achieved, .it is of great importance to begin ' 
promptly. The reasons for this timescale are both technological and eco- 
nomic. . ^ * » 

* 

B'ecause coal liquefaction has often been advanced as a method for 
making large amounts of gasoline and heating oils, a detailed analysis is 
provided to establish an informed perspective. « ' ? 

The two alternate routes to liquid fuels from coal, hydrcTg-e nation'' and 
gas synthesis, are^ell described in the literature. . Both were large-scale 
operations in Germany between 1930 apd 1945. Most of these plants were ^ 
basecl on the hydr ogenatiqn concept, because it is the inherently more effi- ^ 
cient system. - 

These technologies as they exist today would produce synthetics only 
at price levels well above those epcpected to represent future world price 
levels for oii. However, there is a good probability that, given an adequate 
effort,, new R&D programs in the United States could yi^ld lowered synthetic 
liquid fuel costs. ^ It could thus be damaging- to a viable synthetics industry 
to proceed to large-scale' coal liquefaction <based on currently available 
technology. 

. . 42 ' 



It should be recognized^fCirthermore, that £5)r the last 30 years the . 
preferred Germak system, direct hydrogenatioX^has not been used; no 
plants have been built and none bperated. It is qiilte doubtful that adequate 
knowhow still exists ;to resurrect this technology without literally reinvent- 
ing many of the technoiogicaf details needed to build and operate a full-scale 
coal ^ydrogenation plant even of the 1940' s de"sign. 

The: situation is different for the Fischer -Tropsdh gas synthesis pro- ^ 
cess. -A very up-to-date Fischer -Tropsch,liquid-fropi-coal plant has been , 
built in South Africa and is operating today. While it is a small plant of ^ 
7. 000 BPD capacity, this technology. is available now. The production costs 
are quite high, however. , ■ * ^ 

Even though the gas synthesis process has now undergone significant > 
improvements ^ver the World War II German technology, it remains the con- 
clusion of the'Task Force .that the desirable process fc»r a U.S.' liquefaction 
industry should.be an imjj'roved technology for direct hydrogenation of * 

coa.\. ' - ' ' ^ ■ . u ' 

Several avenues toward such improvements are known and have been ' 
explored for a good many years. However, these new concepts hav0 not 
been purstied to the;point wh\sre commercial plants can be built. The very- 
costly prototype or demonstration phase of these new systems has not beg, 
undertaken, because the prevailing prices of crude petroleum don^t^provide 
an economic incentive. . « . 

• • New Technology . Hydrojgenation' as a rOute to liquid fuels from coal 
can be practiced in a' var'ietyr of configurations; however, one key ingredient ,' 
remains the same for all, i.e. , hydrogen. Hydrogen is produced from water 
and coal or coal residues by gasification. This step««an be safely based on 
th^ existing'gasification technology. ' 

All hydrogenation systems involve the addition of hydrogen'to a coal 
substance at high pressure. Getman operations ^-sed between 3, ^00 and 
10, 000 psi. New processes ^re expected to utilize between 2, 000 and 3, 500 
psi, representing a major advartce in technology. 

However, even at the lower pressures, this is a very demanding pro- 
cessing step in terms of special equipment an^ metallurgy; and it was the 
German conclusion,, therefore, that wherever possible the' coal should first 
undergo a feed preparation step to produce an optimum feed for the hydrogena 
tioh system. This included carbonization or extraction (even ultra cleaning 
of coal) to reduce the serious erosion and corrosibn problems resulting from 
the introduction and rempval of ash. and unreactive coal in thfe costly hydro- , 

genation reactor. , * 

This choice of processing sequence must still be made, and the. alter- 
native new Systems proposed for -development can conveniently^ grouped 
into (1) those treating coal directly with hydrogen at high pres^^e and in- 
the' presence of -effective catalysts, and (2) those where cOal is first pro- 
cessed^to yield tar or extract f^ subsequent hydrocracking of the raw liquid 



unoer-tne more extreme cortditions. 

Alternative systems have been proposed for these feed pr^aration 
md for the manner in.which the high -pressure catalytic hydrogenation 
is condjixcted. 

Product Quality , Another dimension of <lhe problem relates^to the « 
quality of the liquid fuel that is sought. Hydrogenation, in/contrai3t to the 
Fischer-Trppsch synthesis, readily permits a wide choice in the character- 
iWics of the final product. Hydrogenation is, very flexibly, and the R&D pro- 
gram should cover this dimension. 

For certain coals and for certain, local air pollution regulation,^, it may 
-be-possibl9 to,limit hydrogenation to a single, noncatalytic step, albeit still 
at high pressure!. This may yield a reasonable low -sulfur , low-ash, solid 
fuel'(40d° F jryelting point) that can serve part of the market. For most 
T^PPli^tioira^;^:^^ extensive- treatm'ent will be required, since many 
powi^r plants are^cat^ in urban areas where less th^n 0.3 percent sulfur 
fuel is mandatory. / 

Finally, it is- important to consider tlie large distance of the most de- 
sirable TJ^ S^o^l reserves from the market, which etfcq^rages con- 
versian-orf^oal into/ more easily transpo:^ed forms near the mines. 

R8eD Needed ./ From the foregoing, the Jask Forcie concluded that a 
desirable R&D p3fo'gram would require alternative pi'ocess developments in 
OTder tamest the ae concepts, on a sculls adequate to obtain information on the 
econd'mic viability and ^rformance of each system. ' 

Most of" these alternatives have been tested on laboratory scale (less 
than 1 TPD), and/ some have been or are about to be tested in units ranging 
from 5 to 75 TPE^. It is possible, .therefore, to move 'soon into th^proto- 
type plant phase where the final' technological development phort of full com-^ 
mercial- scale operation can be completed. 

The* processing of solids differs fUndan^ientally from that of liquids in 
that operations'^are far niore difficiflt tp define precisely, and this results 
in a mucfi more difficult extrapolation problem. „This is particularly true 
of coals, which Jiave a wide range of physical and chemical characteristics. 
Where a well-explored and understood chemical process is involved, it is 
possible to move directly from a laboratory test unit to full commercial 
plant. This is simply not practical when handling coal. 

Coal hydrogenation involves a large number of difficult technical prob- 
in materials handling, catalysis, and solid -liquid separation th§,t can 
only be defined^and resolved in equipment- simulating the final commercial 
system. These problems differ significantly among the various hydrogena- 
tion concepts. Thus a series of prototype plants would be required. 

The purpose of a prototype liquefaction plant is ta confirm the process 
cohdi/tipns/for an operable system in equipment that can be scaled up to com- 
merpal Viz^ with minimum risk; a factor of two to four would be acceptalJl^. 
Mofift of th^ new c0al liquefaction processes being developed in the United 
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states aitp faced with the|&ame general problertife. The severity of each prob- ^ 
lem W the importa^e^f its solutijcm^tovvard achieving overall technical and 
economi<i succea3 wifj x^ry amon^ processes. The general problep^s mclud'e: 

. o Developing prsxtical ways tQ introduce coal intp^ ^ , ^ 

♦high-pressure system, / ^ ^ | 

o Maintaining solvent balance^to assure that eno^i^h^good ' ^ . 
quality solvent is generated to plurry the coal feed. ■ 
o Defining the reactor system and the scale -up parameters / 
for design of.an operable ^nd efficient commercial reaptOT train. / ; \. 

o. Defining construction materials that Vill retain ^their , 
integrity in ^ hostile atmosphere under severe temperature^'^ 

and pressures. - 

o Defining e,quipment to reduce pressures from 3, 000 ^ \, 

psi to'much lower levels. 

o. Defining equipment to achieve satisfactory solids * 
separation from liquids and gas at high temperature. 

o Establishing ways to maintain catalyst activity. . 

o Defining and solving environmental problems. 

Each of these elements must be tested in a fully integrated facility to 
establish the effett of interactions and to test the effects of process changes. 
The cheapest, easiest, and quickest way to achieve integrated operation |S 
in a prototype plant rather than in a commercial unit. The basic advantages 
are: " 

o Changes to m^ke the plant operable can be madeTnore rapidly " 
and at lower cost becaWfe smaller equipment is used. . 

o More alternatives can be tested because their total impact 

on cost and schedule is less. ' 

o The prototype plant can be designed to process and test more 

than one coal. ' 

o The failure to recognize a potential environmental problem 
in the prototype plant has a less severe effect on the sUrroundings 
becau&e of the relatively small size of tiife- facility. 

. Not the least .advantage of having a series of parallel prototype plants 
of intermediate size (300 to IrOOO TPD) is the ability to operate theste plart^s 
on a variety of coals that will respond in different ways to each proceKss. If 
the plants are too large, it may be impossible tq, cover the gr, eat Variety of 
U.S. coals in the test program^ simply for ec^onomic reasons. ^ % , 

Finally, regarding^the .appropriate size oi^ the prototype plants, the^ < 
largest of the German hydrogenation reactor s processed around 500 TPD, ^ 
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which is a finall figure compared to the projected needs £o,r ^i^ynthetic liquids. 
Current Mi^iied Sf^tes development hopes to reach 2, 000-3, 000-TPD, 
reactors atUga^st in the fir st generation of commercial liquefaction.unit'S. 
Ei^en in these sizes, multiple prpcess trains will 'be required. « ^ . 

The i>roposed prototype^plants seem to fall somewhere ^etweeVi the 
demonstrated German capacity and possibly two to J:^^^^ times that rate. 
This appe^ars prudent to the Task For6e. Satisfactory\esuljte at .that- s,cale 
will permit a safe^xtrapolation to thp full commercial sizel^ in t^e range ; ^ 
from 2 : 1 to 5 : t,„depending on the process; in fact, certain' t>thei; crucial 
items of equipment (heaters; pumps i exchangers) would require no c^xtra- 
polation at all, Isince multiple units .would inevitably be needed. ' ^ : ' 

Program /Co St. Each prototype liquefaction proj-ect would cost between 
$75 and $125 million. It is jikely that eafeh proj^^t would o-equire substantial 
g^overnment support in addition to private -capital•^^ tMis regard, "the Task^^ 
F orce urges that governmient sponsorship be designed to encourage the * - 

^^P^^^^^^®'^^^ possible proprietary positions in'terms of patents and know- 

how^for private industry involved in the 'efifort. 'The expertise required for 
successful conduct of. such a program is simply not to be found arjywbere 
except in the private energy'^industry; and m .order to maintain a corhpehtive 
spirit and draw the best technical talent to^ this program, some reward for \ 
s.uccess must l^e available to those who commit thernselves to the se projects. 
The Task ^orcf% believes apDropriate arrangements can be rnade to. take 
advantage of private enterprfse expertise and still safeguard public Jriter est. 

Conclusion. The T^^ Force believes that a/i aggressive liquefaction 
,development-prx)gram shoulli be a^majoi- corrterstone of the lon^-range supjxjiy 
olf liquid" fuels, eyem though the ^tal voti^me fore,o^ast fpr productio'n by 1985 
is'' quite sniall* relative to^other fvlfcls. ' V , ' 

Methanol. The prodifction of methanol is a speciarckse of liquefaction/ 
similar to the Fischer-Tropsch p'roces^s and fo the productiorrof synthetic/ - 
methane. The cost this fuel delivered to conl'iimer s will prdbabV falb ^ 
close to that* of coal-based methane' beci^se of methanol's- low transportation 
cost. Methariol is produced now but is not gene^rally used as fuel; andt l^arjte- 
scale application in transportation, for example, wouid need t6'be preceti^ 
by additional major use tests in the United States.^ Other currently .feasible' 
uses^are^as fuel for peak-load gas turbines and as^'repl^cemfe^t of fuel'^oils \ 
or, low-pressure gas for industrial and home heating. , , 

Production of methanol- from cdal is as well or better demonstrated than 
productioli of tpethane. The Ta-sk Force, therefore, estimates that some 
methanol could be included in the ranger of Vo'a^based synl^hetic f by 1985, 
although the market outlook* is quite uncertain. ^ ^ 

This then illustrs^tes the position of synthetic fuels from coal* ^? 

' o *4[ethane fTprri coal is rea^^y-fcns^immedia^te conimerciaL application* 
o Methanol is almost a/s ready, bu\ commetical-scale uses to take- 
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It lower tr at/sport cQsts are yet ,tq be deyejpped. 
/L^quefactiot/ pro cesses using hydro gen^tioii are not 
xw«v.y for/preserit us©; but R&D started immediately and generously 
/ fuiiaed cbuld leacl to iarge-sqale use star tiM^in ike late 1980' s. 

'/.'- *k ,Coal proces'^ing for power plapt/use^ including gasification, 

iiquefa&on, stack/g^s scrubbing, and tluid-ltfed combustion, will find 
commercial use du^ to the va.rie<J requ^iremeiits of the pdwer industry 
(See juhapter 5). / / ^ * ^ 

. ' ' , ' . , / • ' ^ ' ' . ^ 

Estima^ted New Production ^ ' , « 

/ ^ ■ 

In view of the lar^ capital requirements and the high element of risk 
involved with all synthetic fuels from coal, the Task Force concluded that the 
estimated maximum production in the next 10 to 12 years might include the 
following facilities; . 

o Constructi6n of ?0 mew 250-million CFD methane-from-,coal plants, 
o Construction of 8 new 40, 000-BPD methaiiol-from- coal plants, 
o Construction of 10 new 30, 000-BPD coal liquefaction plants. , 



The proposed p^qgr^m is summarized in the following table. The 
Task Force felt that this would be an ambition|*)rogr^"^ involving some 
$16 billion t6 $22 billion of capital expenditure^ 



ESTIMATED 1985 COAL- BASED SYNTHETIC FUELS 
(Based on Western Coal) 



^ . InpuP Projduction 
\ - - (MTPY of Coal) (MBPD) , 

At Mine > ' ** . 

High-Btugas 1^0 ' 0.8 

> Methanol", ^ ' " 60 0.3 
Syngrude 50 0.3 

Total I \260 l.i 

^ ~ — — ' " — * ' ' — :n — 

Medium-Btu 50 0. 3. 

gas i 

^Based on use of 8,5Q;P~Btu/lbVe8tern coal. 
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V 

Possible Government Actions 



If a domestic coal-based synthetic fuels indu^tfy is desirable, it 
would be enhanced by the following government actions: 

o Approval of Gasification Projects , The government could 
assist companies who have annbunced methane-from-coal plants in 
achieving prompt approvals for construction, ^ , 

o Sponsor Liquefaction Plants , Because of the high risks in- ^ 
volved in extrapolation of this technology, partially government-financed, 
competitive parallel demonstra^tion' projects could be undettaken- based on 
logical industrial program plans, 

o Allow Proprietary Patent PositioTTrs^ If the best technical and 
managerial talent is to be attracted to the creation of a vigorously com- 
petitive synthetic fuel industry, proprietary data, patent rights, and 
.know-how should be safeguarded. . v 

On the last point above, it is recognized that the government may be 
involved financially, particularly in the creation of coal liquefaction plants, 
H prii>ately developed processes, as well as background data and knowWhow, 
are nonprotected^ then industry will 710 1 ^e in a position to recover previous 
expenses. If foreground process assistance by the government threatens 
background data and know-how, industry having such process experience * 
will not want to participate. Furthermore, wide disleminatioji of fore- 
ground and background rights and data seems inconsistent with establish- 
ing' a vigorous, competitive industry. 

The extent of government financial support could be reduced, pro- 
vided there is a willingness to so interpret the antitrust laws as to encour- 
age cooperative R&D activities and thereby spread the risk, while preserv- 
ing competition during the production phase. 
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Chapter 5 

ELECTRICAL POWER GENERATION 



INTRODUCTION AND OVERVIEW . 

Electrical power generation is such an important converter of primary 
energy that it is appropriate to single it out for special discussion. Ele.ctric 
power generation has been increasing at a rate of almost 7 percent per year, 
whereas the rate, of increase for all forms of energy in the United Statep is 
about 4 percent per year. In 1973. power plants consumed the foUowing por- 
tions of the U.S. primary energy resources. 

POWER PLANT PRIMARY ENERGY CONSUMPTION, 19.73 



Resource 



Percent Confl^umed in 
Electricity Generation 



Co^l 

Uranium 

Hydro and geothermal 
2 

Oil and gas 



64 
90 
100 
13 



Some existing power plants have a substantial capability for primary 
fuel substitution. -and there' |ire several fuel choices for new generating units. 
Such fuel substitution can help place more of the Nation's enfergy use on abun- 
dant ctomestic fuels that is, nuclear, coal, and renewable resources. 

The overall power generation picture will be discussed in several 
sections as follows i 

o -Coal -Fired" Power Stations 
^o Nucliaar Power Stations 
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o Nuclear Fuels , . 

6 Renewable Resources - . . 

o Oil/Gas-Fired Power Stations 
o Transmission and Storage 

Because there is no substantial capacity ta store electricity, supply- 
demand relationships are measured ijn essentially instantaneous terms. 
Energy consumption (Kwh) and peak capability (installed and available kw) are 
separate subjects, and both are important. Daily, weekly, and seasonal 
variations in load affect both of these and require that some power genera- 
tion units be predominantly steady-state (base-load), while other units vary 
with load swings" (cycling), and yet others are started up solely to meet short- 
term peak demands (peaking). ' 

Typical domestic variations in weekly (electricity demand are shown 
in Figure 3. In addition, there are wide variations in the hourly load and 
Bubatantial changes in seasonal loads. For instance, in some parts of the 
country, because of air conditioning, the summer peak load is 4.0 percent 
greater than the winter peak. 



FIGURE 3 U.S. TYPICAL WEEKLY ELECTRICITY DEMAND 
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The capacity required to satisfy such peak loads is greater .than the 
base load, and any steps to make demand more uniform wduld make the over- 
all generating system more economical. 

Utility economics govern the $illocation of plani types to these various 
services. Loading of the grid usually occurs by sche^^uling the largest anil 
lowest-operating-cost generating units to serve the base-load energy require- 
ments first and then adding smaller, lesig efficient units as required to meet 
the peak loads of variable duration. Hydroelectric power, despite minimal 
operating costs, is utilized more and more for pea|<ing in many areas, because 
such capacity can be added economically even though overall generation's 
limited by fixed water storage. ' - 

For peaking plants, high fuel cost is much less important than low 
capital cost; while in base-loaded plants, low operating cost is the imf>ortant 
parameter r^^ither than low capital cost. « 

Of theih^Jkalled capacity today, large coal-fired |>ower stations are 
predom^inantly bas>>4oaded, as are nuclear units^. Oil- and gas-fired plants 
may 3erve as base-lo^bi sources in some parts of the country but more typi- 
cally wo.uld serve a cyclirig function. Older coal-'fired plants in some sectors 
of the country also ikerve the cycling function. In some areas, gas turbines 
plus hydro units provide thej,peaking functions. 

COAL-FIRED POWER PLANTS 

Because demands, oxi qrude oil and gas are to be ^diminished, one 
major way is to stress nuclear, hydro, gebthermal, and coal resources for 
our electrical power generation. ^ 

While coal-fired units have supplied both base-load and cycling func-> 
r tionsi particularly in northeastern utility systems, modern coal-fired units 
have tended to become more inflexible; and the largest units today provide 
mainly base-load power. Growing particulate, sulfur, and nitrogen oxide ^ 
stack gas emission controls have caused losses in both flexibility and avail- 
ability. High degrees df superheat, high pressures, extrerrte water treatment, 
many stages of feedwater heating, tooling towets, precipitators, and now 
S02 removal process equipment all have combined to make the modern coal- 
fired station a complex process plant. ^ 

Some years ago, the promise of lov^ fuel costs and the clean air as- 
pects of nuclear plants began to attract attention from tlie-jelectric utilities. 
In addition, the utilities foresaw a potential freedom from the month-to-month 
dependence on continued flow of coal from the mines and over the railroads. . 
With strengthened environmental standards in the offing, new coal -fired plants 
began to suffer from seridus inroads made by new nuclear plant orders and 
''accelerating conversions to oil and gas firing.^ 

As regulatory and equipment delivery delays began plaguing the nuclear 
construction program and the opposition to burning high-ash, high-sulfur\coal 



^there^ momentum, more orders went for oil-fired stations to fill the gap 
/^being rapidly created. The crippling black-out in the Northeast in 1965. led 
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to increased grid system .interconnections^ and the rising sumiiier peak loads 
in later years led to greater numbers of gas turbine peaking units. All of 
tthese factojf^s increased the moves toward gas and oil firing, until natural gas 
producers began to refuse to renew or make long-term gas contracts and until 
the 11 "^nation Organisation of Petroleum Exporting Countries (OPEC) began > 
serious oil price increases. Predictably, the recent oil embargo has turned 
many utilities back toward coal firing and, because of air pollution regulations, 
towafd western low-sulfur coals. . \o 

^ ^ • • 11 
- 1973 ESTIMATED COAL-FIRED POWER STATIONS 



type ' ■ > 


Gwe Installed 


As bu'ilt, eastern coal , 


163 


As built, western coal I 


10 


Conveifsions to oil firing \ 


(30) 


Remaining coal ^ 





Since the"mid-1960' s, a number of coal-fired stations have been con- 
verted to oil firing. ^These changes- occurred at first because of economics, 
but accelerated late^r because or stack gas emission standards regarding sul- 
fur. Some 400 units amounting to about 30.Gwe have been converted to oil in 

. the past 10 years, and about 20 percent of these have either sold off their coal 
storage pile land, built a^<|ditional units on the land, and/or removed coal- and 
ash-handling equipment. The result is that these latter conversions are 
essentially irreversible now. 

- In addition, there are existing units that, although they still have 
multiple fuel -burning capability, cannot obtain approval to revert to coal 
firing because of environmental regulations. Because the law requires use 
of the '*best possible technology, " there has occasionally been a refusal to 
allow coal burning of any sort, including low-sulfur coal, even though the sul- 
fur content may be. nearly the same as that of the oil currently being burned. 
The result is that oil that could be diverted to other liquid petroleum uses 
continues to Be burned. 

One example is Consolidated Edison>*s Ravenswood plant. Unit No. 3, 

o providing 1, 000 Mwe in New York City, which formerly used 0. 9 percent 
sulfur coal (equivalent to perhaps.!. 25 percent sulfur oil) and in the winter 

* pf 1973-1974 burned up to 1; 5 percent sulfur iresidual fuel oil part , of the time. 
The city and Fedferal environmental agencies refused a request to cohvert back 
to coal. This decision, aimed at a margirial reduction in SO2 emission, re-* 
suited in an additional fuel cost of about $100 million per year and also diverted, 
almost 1 1/2 million gallqi^s per day of liquid'hydr^ocarbons from other purposes. 
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The Task Force takes no position regarding the merits of this particula'r de,- 
cision but ddes want to stress that when trade-off^ are involved, including 
health risks and other environmental effects, these t^^ade-offs should be quan- 
tified and made, known in terms the public can understand. 

Rapid Expansion in installation of new coal-fired stations will be hin- , 
dej^^by some of thd same problems that nucleir units encounter, namejly, 
lack of water codling, lack of approved sites, and restrictiohs on environmen- 
tal emigsions. Even in entirely rural areas and in well-ventilated air basins, 
coal-fired power plants are required to employ the same emission control 
standards and SOg removal processes that urban powfer stations are being re- \ 
quired to use. The re^liability of SO2 removal units has not been demonstrated,\ 
but air pollution control authorities have h^een reluctant to grant waivers or 
variances for even short periods pf time, regardless of meteorological condi- 
tions prevailing at the time. . Thus, an entire major power plant may have to 
be dhut down because of failure of ancillary fequipment. 

N^Because of this, the electric utilities have been reluctant-to become 
dependent on SO2 removal process equipment, which is not only expensive but 
al^o threatens the entire plant and system because of possible forced shutdowns. 
j\ great deal more effort must bfe applied to achieve a reliable system for usex 
on coal-fired units. One way to increase the momentum toward this goal^duld 
be for the Environmental Protection Agency (EPA) to grant variances ^MTmaih^ 
taiii a plant on-line in case of SO2 equipment failures and to sponsor con^idejr- 
ably more effort toward developing reliable operating prolpess equipment and 
regenerative units instead of throw -away processes. As oil prices increase, 
coal, even with SO2 scrubbing equipment, will become more ^attractive; 

Although SO2 scrubbing systems have not yet shown demonstrated 
reliability -on a commercial scale, it seems likely that practical process^es can 
be achieved. Their importance can hardly be overestimated, since the current 
limits on SO2 emissions provide a major stumbling block to wider use of coal 
for power. Stack gas scrubbing is expected to be more economical than the 
use of low-sulfur oil or synthetic fuels and would permit the desired substitu- 
tion of coal for oil and gas to proceed more rapidly. It is one of the few things 
that can be done to improve domestic energy utilization without causing seri- 
ous environmental problems. Adjustment of the rate structure to cover the 
cost of SO2 scrubbing might 'help accelerate the development and use of such 
systems. 

Another approach to controlling SO2 emissions could be the intermit- 
tent control'of stack gas emissions. Burning of higher -sulfur coal would be 
permitted only during periods when atmospheric conditions dilute the concen- 
trations of SO2 below the primary air quality^ standards. Although the effec- 
tiveness of this technique is controversial, it is a possible solution under 
certain favorable atmospheric circumstances and should ^e examined as to 
meteorological ^na environmental consequences, 
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Yet another approach to controlling S02 emission is the use of fluidized 
bed combustion in Wh^ich a material, such as limestone, ia used as a bed mate- 
rial. 'The bed is kept lluidized by the combustion air and by the flue gas result- 
ing from the combustion of the coal. The limestone is calcined to lime, which 
reacts with th^ SO^ and oxygen in the flue gas to form calcium- sulfur^ompounds. 
When used on a once -through basis, high limestone feed rates are r^rquired if ^ 
SO2 removal of 90 percent X)r more is to be achieved. Some method of regen- 
eration of the calcium- sulfur compounds baqk to, lime is desirable in order to 
reduce the solid waste disposal burden created by the high limestone feed rate, • 

While considerable technology klready exists on fluidiz.ed bedfcoixibus- 
tion, demonstration of this technology! for steam boiler application is just 
getting underway. A 30 ^iwe atmospheric pressure unit is presently Under 
construction and larger units are being designed. In contrast to some of the 
SO2 stack gas removal processes, fluidized bed pombiistion can only be used 
in new boiler installations. This important limitation, coupled with its early 
stage of development^ would probably limiif the impact of fluidized bed com-' 
bustion to the period well after 1980. | 

Estimated Installed Capacity 

After study of the problems facing the coal mining, coal transportation, 
and power -generating industries, the Task Force concluded that coal-fired powei 
plant additions by 1985 could amountjtp 180 Gwe, for a total installed capacity 
of 330 Gwe. Included in this total are 20 Gwe of oil conversions that could be 
reconverted to coal firing in the next few yea||^s if suitable var^.ances or regu- 
lations can be administered to encouragi^ this. \ 

Some conversion of thd oil- atnd gas-fired units across the Southern 
United States to intermediate -Btu gas made from coal could also be considered. 
Economics dictate that such coal be delivered to the consuming area and then 
converted to gas. The miirket forces that would influence such conversions 
are unavailability of natural gas, low-sulfur crude oil, or low-sulfur residual ^ 
oils. The price of medium-Btu gas will not be low. Also, the use of gas from 
coal is les4 efficient thermally than the direct burning of coal. 
^ On the other hand, power costs for cycling and peaking plants are not 

overly^ s^enkitive to fuel costs. This is one method of shifting more -burdens 
onto coa/1 ^t a cost less than that of qonverting coal to high^Btu pipeline quali- 
ty gas| i The Task Force estimated that a probable 1985 installed capacity for 
such 'medium-Btu conversions might; be 20 Gwe and further observed that the 
technology is available now at commlercial scale to effect such conversions. 1 
Some power unit derating may be invol^ved. 
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ESTIMATED 1985 ^NgTALL»0 COAL-BASijb PLANTS 





1985 Gwe 
Installed 


1974-1985„ 
.Additions 


Coal /lignite -fired Bteani 


310 


+167 


Oil reconversions 


. 20 


. + 20 


Medium- Btu gas conversions 


20 


+ 20 


Total 


350. 


+207 



The magnitude of this expansion would be about $60 billion in new 
facilities and conversions by 1985. In physical terms, this would mean: 

o Reconverting 5 oil conversion units per month for 4 years, 

o Designing, constructing,* and bringing on-line 2 new 700 Mwe 
coal- fired units per month for 10 years. / 

o Designing and manufacturing 24 new 700 Mwe turbine generators 
every year for 10 years. ^ 

o Designing and erecting 180 new 2. 5-MTPY c„oal-fired furnaces. 

o Purchasing and developing 50 new plant sites. 

o Designing, constructing, and starting up 10 new medium-Btu 
gas conversion plants to supply 50 existing gas -fired units of 400 Mwe 
each, 

These requirements are within present industry capabilities. ^^The 
conventional steam turbine -generator business is a mature industry and no 
shortage of capacity is expected in this area. In 1972, the industry shipped 
a total of nearly 28,^^000 Mwe of turbine generators. Based on 1973 backlog 
more than half the industry capacity is estimated to be in units of 800 Mwe 
and larger. The same conditions generally apply to the fossil fuel steam 
supply industry. 

Possible Government Actions 

^If expansion of coal-fired power generating capacity is ^esired, it 
could be enhanced by the following government actions: 

4t ■ ■ ^ 

o Establish Variances . Air pollution agencies could establish 
a pdlicy providing that under favorable weather conditions variances on 
stack emissions could be given where SO2 removal process equipment 
reliability problems are encountered. , 

o Improve SOy Scrubbers . The government could help accelerate 
process design and reliability improvements in S02 scrubbers by carrying 
out additional compe'titive parallel design-r sup]ply-test programs with a 
number of industrial teams. 
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o Intermittent ControL Regulations could be adopted to provide 
(on a long-term basis in order to, provide stability for coal supply and plant 
investments) thaThigh- sulfur fuels, particularly coal, would be burned as 
long aer. the ambient conditions at ground level, as continuously monitored, 
did not exceed specified limits. If these were exceeded because of meteoro- 
logical or other conditions, then the plant would be required to switch to low- 
sulfur fuels, reduce output, or shut down; Such plants would usually be 
designed^with high stacks and other provisions for diluting the stack output 
and reducing ground-level c one eht rations of SO2. Such provisions would re- 
quire considerSition of the hazards from sulfate production that might affect 
areas at a great distance from the power {^.ant rather than €he immediate 
^urround in g 

NUCLEAR POWER STATIONS 



After more than 30 years of research, dev^elopment, and large-scale 
demonstrations, nuclear power plants are now being utilized on a rapicily 
increasing scale l^y electric utilities in the United States^ Almost all nuclear 
units are so-called light-water reactors, although gas-cooled realtors are 
receiving increasing attention. 

Backgrou; 



Until about 18 months ago,' Atomic Energy Commission (AEC) and in- 
dustry projections of installed nuclear plant capacity were about 150 Owe by 
1980 and about 300 Owe by 1985. In early 1973, the Atomic Industrial Forum 
completed a study that indicated that 150 Owe could be achieved by 1980 and 365 
Owe could be achij<|ved by 1985 if positive action were taken on certain liceneiing 
and other issues. ^ * " 

Little effective action was taken on these recommendations and, as a 
result, the estimates for both 1980 and 1985 have again been revised downward. ^ 
New AEC forecasts project that' under Aiost likely conditions only about 100 Owe 
of nuclear power will be in operation by the end of 1980, and only about 250 Owe 
by 1985. .In terms of time, these slippages correspond to about 2 years by 
1980 and about 1 year by 1985. 

Just 5 years ago, about 6 years were required from inception to on-lin# 
power generation for nuclear units. Presently, lead times for new nuclear 
units have increased to 9 to 10 years. It should be possible to reduce these 
lead times once again to about 6 or 7 years, despite problems in obtaining 
equipment and material in a timely manner. Present orders do, of course, 
reflect current perceptions of lead times by the electric utilities. Expressed 
in terms of relative fossil fuel displacement ^tential, the 50 Gwe forecast 
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difference in 198(3 is equivalent to about 1.4 MBPD. Thus, this nuclear 
slippage is quite serious indeed. * 

NUCLEAIl POWER STATIONS AT END OF 1973^^ 



Status 


Gwe 


Units with operating licenses v 


25 


Awaiting operating licenses 


30- 


Construction permits granted 


23 


and un^er construction 




Construction permits pending 


' 60 ^ ^ 


and under design 




Announced, but applications not yet filed 


50, 


Planned, but not announced ' ^. 


ca. 20 


Total 


208 ' 



■ ■ ^ 

It lieems cleai* that any policy seeking to minimize dependence on 
imports and to conservje fossil fuels must consider assigning a high priority , j 
to the acceleration of the installation of nuclear plants. As a condition for 
this acceleration, nuclear power plants as now designed, built, and operated * 
would have to^e recognized as adequately safe, environmentally desirable, 
and strategically necessary* Such recognition would eliminate the current 
practice of redeciding or reconfirming that same conclusion s^sveral times over 
for each individual "project. ^ 

One of the serious problems of the nuclear power~industry is the AEC 
licensing process. Thia procedure involves filing an application for a con- 
bruction permit. Each application must be accompanied by a Preliminary 
Safety Analysis Report (PSAR) and an Environmental Impact Stateiment (EIS). 
These take about 3 years to prepare for a plant on a new site. The PSAR is 
reviewed both by the AEC licensing staff and the Advisory Committee on Re- 
actor Safeguards (ACRS). When these and the environmental rSviews are 
completed it usually takes about 2 years a public hearing is held at which 
the findings of these reviews are presented and intervenors are given an oppor- 
'^^tunity to challenge the findings. 

The construction permit, when issued, allows the physical construction 
of the plant to proceed; and, when the plant is completed, essentially the entire 
process must again be repeated with submittal of a, Final Safety Analysis Re- 
port (FSAR). Once again, public hearing's are held before an operating license 
is granted. Even then, the license may not grant permission to operate at full 




power; and] AEC inspection procedures after operation 'has started tend to make 
the plant umclvailable for power operation a higher percentage of the time than 
seems reasonably necessary. 

Thes^ procedures had their origins iii the early digiys of rapidly devel- 
oping and changing/ nuclear technology; and, while commercial nuclear power 
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experieace and know-how has matured to a major indfU^trV today, the licensing 
process has not matured with it. \ 

For example, under current procedures there are multiple reviews of 
designs already reviewed and previously approved. Many design changes must 
be applied to plants already under construction or even already in operation. 
These changes usually have their origins in licensing proceedings on other 
projects. This practice, called "ratcheting, " is disruptive; and many people 
in .the industry feel that it is counterproductive to safety, as Well as the sched- 
ules, costs, and public benefits. ' \ 

Many people in the industry believe that reviews in detail by the AEC 
staff and the ACRS are counterproductive anc^ wasteful of limited engineering 
manpower when applied to duplicate plants, twin units, or plants consisting of 
units^ modxiles,' or systems already reviewed and licensed by th^ AEC. 

Estimated Capacity Increases \ 

If the licensing problem can be ameliorated by more efficient procedure 
the Task Force believes that about 125 Gwe might' realistically ]ye ^xf)ected to 
be operating by the end o^ 1980. While the 365 Qwe postulated by the AIF ho 
longer appears likely, it is believed that a deterfnined effort could lead to 325 
Gwe being in operation by the end of 1985.* This would displace the\eq^uivalent 
of about 8 MBPD of oil by 1985. \ 

ESTIMATED 1985 NUCLEAR POWER CAPACITY \ 





1974-1985 


" 1985 






Additions, 


Capacity, 


V 


Type 


Gwe 


GweJ, 


"Light water reactors 


+280 


305 


\ 

\ 


Gas-cooled reactors 


+ 20+ 


. 20+ 


Breeder reactors' 


Nil 


Nil 




u 

Total 


+300 


325 





Expressed in average physical facility terms, the addition of 300 Gwe 
of nuclear power by 1985 could involve: ^ * 



One member of the Task Force believes that the maximum installed nuclear 
capacity at the end of 1985 will be no more than 150 Gwe, baped not simply on 
delays caused by protracted hearings but on an assessment ibf the sheer mag- 
nitude of the task. 

<^ , . ■ . ► 
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m Desigoand construction of an average of two.tp three new nuclear 
units per month for the next 10 years. / . ^ 

o Fabrication and delivery of an average of 30 reactor pressure v/essels 
and 30 turbine generator sets each year for 10 years. 

cquisition and approval of 10 to 12 nuclear plant sites per yea/r fpr 
10 yea^s. / ^ 

o /Recruiting and training of 30 tp 40 thousand plant operators drid 
main|^enaiice personnel in the next 10 years. 

/ ' * . . ■■ ■ - . ■ • * 

Possible^overiiment Actions 



If it is desired to accelerate the nuclear power plant installation program, 
the Task Force believes that the most immediate problem is to accelerate the 
granting of construction permits already applied for* and t;o facilitate the con- \ 
^structidn of those units a(4ready being manufactured and constructed. About 
138 Gwe are already in the ^^pipeline** up to the licensing stage./ The estimated 
installation of 125 Gwe by 198<) would be enhanced, if the following actions were 
taken by the governn^ent: % 

o Approve Generic Designs . Construction permitsycould be granted 
on demonstration that a proposed plant is a ditplicate of one previously ^ / 
licensed or that it coiAsists of systems or modules previously licensed -- with 
verification of details later. / 

o Reduce Retrofitting . More mature judgment and increased senior 
attention to design changes on licensed plants^during con/st:ruction could ameli- 
orate this disruptive pfac^ice.. / 

o Separate Antitrust Matteys . Antitrust consicfet-atiotis could fee 
separated from safety, and environment reviews and treated separately. 

o Grant Operating Permits . Operating permits could be granted 
upon certification that the plant has been built and tested, in accordance with 
the construction permit without a new public hearing. ^ ^ ^ 

o Accept State and Locally Approved Sites . „ Sites that have been 
reviewed and approved by a stale or local agency regarding environmental 
impact could be certified A^^ithout ^rther review, provided that the basic 
* requirements of the National EnviiyDnmental Protection Act (NEPA) have^been 
satisfied. ^ ' * 

In-order to achieve 325 Owe in operation by the end of 1985, it would 
be necessary to initiate an average of 25 new 1, 200-Mwe units each year during" • 
the next 4 yeard and have these licensed and built together with those now 
underway. Thid is less than'the rate of new orders during^the past; 2 years, .o . 
/^he Task Forpe beflieves that this is. feasible if the govemm^en^ giv:ps particu- 
lar attention to reducing the, time periods required for preconstrucfe^on aqtivi- 
ties. Government actions, in addition to those already <cited, that would enhance 
this would include: 
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o Preapp'rove Sites > Special boards or some comparable mecjianism 
could be established to review proposed site^s, assess environmental impact, 
hold public h^arings^on"^ an approval -disapproval 

decision within a reasonable time, perhaps 6 to 9 montrhs. ► ^ 

o Reduce Unnecessary Environmental Report gfforts, A 'more effi- 
cient review process cquld be achieved by reducing the volufne of environmental 
data required, eliminating/ ^baseline'* data delays, reducing duplication of 
information, kdoptinc/uniform criteria^ accepting generic reports, and elimina-t 
ting multiple/ enviro^^ # ' * 

o Adopt 'Sta;ndard Generic. Desijgn Procedures, The government could 
deyelop, baked on^odular generic designs for equipment and plants, a stan- 
d^rd licens/mg procedure that would provJ.de for "standards and criteria for 
emiipmenty/ systems, arrangements, and materials. 



o /Reduce ACRS Reviews, The ACRS could be limited to reviewing 



mew dep^ig^s, major modifications or special problems, broad problems 6f 
/definition; an^ consideration of new types of reactors and equipment, 
/ 0 Revise Quality Assurance Procedures , Rgevaluation of documenta-| 

tion and procediii^es for quality assurance and quality control to focus attention 
' on imp9r;tant items could reduce the demands on trained persoim'el, shorten 

schedules, and lower costs without lowering quality of the product, 

\^ A final point should be made here. If the licensing period for nuclear ^ 
plants was suddenly shortened by alleviating some or all of the constraints 
j\;st discussed, we would be faced with an even greater manpower shortage 
than exists now, bo.th in the field and in design offices, To\llfeviate field 
manpower problems^ more rational quality assjLirance and quality control 
requirements are needed; and the frequent practice of retrofitting should Ije 
reduced, Tp help stretch engineering manpower, it would be advantageous to 
reduce uhnecessary detail in regulatory questions as well as Ito reduce required 
design changes. If these steps are not taken, it is doubtAil that available man- 
power would be capable of handling the work that would be thrust pn the industry. 



NUCLEAR FUELS 



Rapid growth of nuclear power involves many jquest ions relating to ^ 
nuclear fuel-*^the provision of adequate supplies of fuel, usually as low>-6nfich- 
me'ht uranium dioxide clad in zirconium, and disposition of spent fuel, usually 
involving storage and transport to a reprocessing plant where the uranium, 
Plutonium, and radioactive wastes are separated. In addition, there are ques- 
tions not only with respect to storage and disposal of radioactive wastes, but 
also with safeguards against theft of fissionable or highly radioactive materials. 
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* Uranium Mining and Milling 

It has taken an averiLge of abg'ut 8 years from the time uranium explora- 
tion is initiated until substantial production is achieved from new mines and 
^mills. The variations from this average can be substantial due to uncertain- 
ties of exploration.^ There are f^w reasons to believe that this average can 
be shortened significantly in the future, ^nd it niay be lengthei^ied if exploration 
ifi lees successful. Domestic uranium concentrate (U30g) prdduction reached 
1*7, §00 tons' per year (TPY) in 1960, but declined to about 13, 000 TPY in 1973. 

1973 ESTIMATED URAmUM MINING AND MILUN| 

^ Item TPYj^jOg 

1973 production output 13,000 \ 

Standby capacity X I 5, 000 

- * Total capacity ^ 18,000 \ 

— ~ — • — . ■ . ,^ '. 

The quantities of uranium heededin the^. future depend not only on the 

"rate of increase in operating nuclear pbwfer stations but also on the apaount of 

fissionable U^^ remaining in the uraniurx^tailings after enrichment. It also 

depends on, whetheji or not plutonium recovepsed is used for (enrichment in place 

of some of the U^^^. \ ' \ 

o * 235 X 

While the concentration of U in enricmnent ^lant tailings is largely 

an economic question, the use of plutonium ior commercial enrichment is ' 

currently prohibited by the AEC, which is examiningHhe licensing questions 

invQlved in using plutonium- enriched fuel. The AEiC |iaXpJ^oj^is to resolve^ 

these by the end of 1974. This is extremely important, be&a^se an inability to 

count on plutonium recycle would increase future requirements^^[<^ Uranium 

and ul^anium enrichment by as much as 30 percent ov^er the figure s^sii^ated 

above. ^ . " , ^ ■\ ''^{ " 

^ Although the situation is ch)smging rapidly,»the rate of uranium explora^ 

tiori has been very low^ largely because of the depressed market. This has 

b.een caused by the failure of utilities toNenter into long-teriti/contracts for 

uranium which, taken with the long payout combined with high interest rates, 

have made speculative ^^|^g|>eetiilg:aIPu^ Imports of uranium 

into the United States for use dotnestically have beeli prohibited, but with the 

proviso that imports woul(i b^e allowed when a "viable'V domestic uranium 

mining industry has been established.* ' R.ecently, the AEC proposed to relax 

import controls on the^^sis of a graduated scale rangjing from 10 percent for 

any one customer in 1977"to 100 percent in 1984. While this proposed action » • 

removes some uncertainties, many segments of the uranium mining industry 

feel that it is still unsatisfactory and raises further, doubts about the stability 

and outlook for domestic uranium mining. V 




The importation of uranium would not be consistent with a concept of 
self- sufficiency. There are serious questions ^s .to the amount of uranium 
that may be avsLilable for import, because nuclear power is growing rapidly in 
the rest^of the world - -at a Tate about equal to*that in the United States. 

With 325 Owe in operation at the end of 1985, uranium requirements 
in 1985 would be about 80, 000 tons, assuming use of plutonium recycle. 

Production would need to be more than quadrupled by 1985 over the ' 
maxirrlunPi ever achieved in the United States. In physical terms, this means 
that from 50 to 100 uranium mine's of 1, 000 TPY or less must be opened in^ \ ^ 
thenext 10 years. These mines and the associated exploration and development 
programs, alongj^^ith the associated mills, would involve an investment of 
about $5''biirion. Nevefthelesa, the Task Force judged that production of 
about 75, 000 to 85, 000 TPY of domestic uranium could be achieved. 

If it is des^ired to provide adequa^ uranium supplies •and encourage 
expansion of domestic uranium mining, government actions that would enhance 
this could Include: - ; 

*^ ' 

o Resot^ve Plutonium Recycle . Resolution of plutonium, recycle 
licensing questions would be needed^within 1974. 

o Resolve Imports of Uranium. Resolution of th^ import issue 
would be needed at an early date to prqvide the basis for large new invest- 
ments in exploration, mine development, and mil? construcften by the mining 
companies and to instill confidence in their customer's that adequate uranium 
supplies will be available. ' . v / 

'o Make Government Lands Available. Many attractive uranium explora- 
tion and .production areas are on publfc lands; and ^cces^ to. these under approp- 
riate conditions, including r es|toration, could be important in expanding the 
uranium resource base. . 

o„ Encourage Long-Term Uranium Contracts . Electric utility customers 
for uranium fuel could be encouraged to enter' into long -term contracts for their 
- requirements to a greater extent thaca being done today. One way to do .this is 
% ,.to r^quirei that a utility shall have committed itself to' purchase fuel for some 
reasonable^e^iod of time as a condition of repeiving a construction permit. 

o maintain the Stdckpile.^ The wisdom of "working off' the present 
stockp-ile of uranium, currently about 50, 000 tons^ as a pert of AEC contract- 
enrichnrient operations is questionable. Under conditions ofspotential future 
uranium shortfalls, it Wpuld seem prudent to maintain this as a Reserve, which 
could give, added incei^tive to the uranitim mining industry in the near future. 



At, least one member o/ the Task, Force feels that the success of uranium\ 
exploration efforts may be the limiting factor in achieving nucl^^ar power 
goals.. * . - „ ' 
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Uranium Enricbrpent / 
'■IP'"" 

L 235 ' 
The enrichment of uranium from the 0, 71 percent^natural U contenjt 
e roughly, 3 perce^it needed in light-water reactors requires large and 
expensive facilities that, if based on the diffusion process used to date, also 
reduire large amount^s of electric power. The investments required and the 
amounts of "po^ver needed are very large for each single project, requiring 
-on thg order of $2 billion each and power supplies of about Z, 500 Mwe 
for a ^ million SWU per year gaseous diffusion enrichment plant. The future 
req^tiirements for uranium enrichment capacity de^pend oti the growth rate of 
le domestic nuclear power, industry and are also affected by plutonium recycle 
akd tne tailings concentration. A lower tailings concentration uses less urani- 
unrtxbut requires more separative work. 

\ \ Another important factor in predicting enrichment depiand ,is that the 
United States has been Icontracting for and supplying substantial enrichment ' 
services oversea8.\ However, plans are underway to build large enriching 
facilities in France^^ the United Kingdom, Holland, and perhaps in other 
countries; and the USSR is now offering enrichment services on a significant 
scale and at attractive prices. 

The AEC is presently the sole supplier of enriched uranium within the 
United States and operates three enrichment plants with a<>present capacity of 
abbut 17 million SWU per year, which with new, improved equipment but no 
new power supplies is being expanded to about 23 rnillion SWU per year by 
1980. A further expansion called the Cascade Upgrading Program (CUP) to 
28 tpnilUon SWU pBr year is^ scheduled for cotnp^etion in 1983 and will require 
iadditional power supplies ^f about 1, 300 Mwe. While a large part of the 
added pj^er will be nefeded by 1980, the AEC does not have firm contracts for 
this power supply as yet. To the extent that power, uranium, and operating 
funds are available, the AEC is also engaged. in»a pf eproduction program to 
stockpile enriched uranium for -future use. 

This overall situation is extraordinarily complex and has been covered 
ih Atomic Industrial Forum (AIF) reports and Joint Committee on Atomic 
Energy (JCAE) hearings at great length. While the AEC has recently main- 
tained that^new enrichment capacity mi^g^ht not be needed in the United States 
before 1984 or even 1986/ the consensus of industry appears to be that prudent 
planning^ tpday must ^ticipate a large block of new enrichment capacity coming 
into operation in 1982 or 1983 at the latest, with additional large units added 
every 18 months or- 2 years for many years thereafter. 

ith estimated lead times of 7 to 9 years for design and construction, 
i v that initiation of plant expansion by entirely new /facilities must get 
very sooq tb alleviate the rising uncertainties in jbhis critical area. 




An SWU is a separative work unit, not a physical quantity^ It defines the 
size of an enrichm^ent plant. ' 



It appeairs that industry would be able ira provide these new facilities, but only 
if some Substantial issues are resolved in addition to the uncer^tainties dis-e 



cussed above. Some pf these issuesf are: 

\ ^ ■ ^ ^ , ' 

^ o Xhe cb^ssified staturorkey enrichment technology, particularly 
that concerning new processes such as the gas centrifuge and the laser. 

o The eritry c{f private industry i^to the uranium enrichi^ient market, 
which is presently rponopolized by a government agency. 

^ o 4 rjelurtance by electric utilities to consider long-term take-or-pay 

contracts, which arises from\numerous uncertainties, including the lack of 
access to classified uranium enrichment technology; under such contracts the 
utilities would share the financial risks. 

o While overseas contracts can be important in establishing financing 
for new domestic enrichment plants, there are problems for such major long- 
term purchasers /investors arising from the classification of information and 
limitations on any significant foreign participatipn'that mighKconstitute what 
the 1954 Atomic Energy Act (Section 104, ParagraphXp) refers\to'as "control'* 
without further definition. ' - , \ 

o The difficulties in achieving a 1982 or 1983 stai^tup are h>any in the 
face of , late resolution of these, broad issues; 9- to lO-year lead times ,for new 
nuclear power supplies, 6- to 7-year lead times for new coal-fired power 
supplies, whibh might not be controlling; and access to classified data granted 
less than 1 year ago to companies interested in building enrichment plants. 



\ 



Nevjertheless,- the Task Force believes that /U.S. ^dustry can build 
the new enj-iching capacity by the tin\e that it is needed, using either the 
diffusion pj-oc^ss or the centrifuge process or perhaps a mixture of both. 
There are, hoWever, a number of actions that/could be taken by the government 
to enhance the achievement of this end.^^ These would include the following: 

o Re.duce Classification . Enrichment data could be downgraded and 
declassified, .perhaps converting most to a "proprietary" classification and 
mkking it available to qualified companies under proper safeguards. 

o Resolve Supplies of Power. Resolution of uncertainties with respect 
to the power supplies for the CUP would-be needed since this block of capacity 
represents a significant difference in the time new additional capacity is 

required. * * 

o Resolve Plutonium Recycle. Resolution of the pluto^ium recycle . 
question would be needed, since an inability to utilize recovered plutonium ' 
would advance by 15 months the date by which new enrichment capacity would 
be needed. . ^ ' 

<x-»> -E^rlv Resolutions of Mininj; Questions. Uraniuna availability and 
separsyuve work demand are inversely related. A shortfall of uranium would 
Snci:eaBe sepk^^tive work capacity requirements substantially and vice versa. 

\ " • ■ . 
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o Utilization of Government Enriching Capacity. Resolution of owner- 
ship questions relating to existing AEC plants and to marketing in competition 
v^ith new industrial plants would be needed. The AEC proposes to sell out 
its capacity first and then leave the market to industry. If it was to 
stop contracting earlier, it would greatly facilitate the entry of industry; and 
the uncontracted capacity could provide a contingency supply capacity, 

o Resolve Foreijgn Involvement , The allowable role of foreign pur- 
chasers should be better defined, since th^y will be supporting plant financing 
through long-term contracts; and some may wish not only to have inputs to 
pertinent data but also into the management of companies with whom they have 
major contracts. 

o Allow Access to Foreign Process Data , Domestic companies should 
have access not only to U.S: enrichment data bu^t^^^so to foreign data through * 
AEC and/or industrial agreements so that they will^ave an adeqWte basis for 
business decisions, including data on all potentially competiiive processes. 
This is now inhibited by AEC regulations (10 CFR, Part 25/ even on an up- ' 
classified basis. I 

Waste Disposal / ^ ^ 

The management of radipactive wastes, including storage and disposal^ 
does not appear to be a seribus constraint on the growth of the industry, ^While 
radioactive wastes are hazardous and hiust be stored Jor iong .periods of time, 
large amounts have been handled' safely for long periods; and new storage 
methods are being developed that should improve on tne past record. 

Long-term (100 -year) interim and retrievable storage now being devel- 
oped by the A^JC will permit scoring >yastes produced through the year 2000 
on a desert tra^t of 100 to 2, 300 aqres, depending on the concept selected, and 
a,t a cost of less\than 0., 5 percent of the cost of producing the related power, 
Perm^n^nt dispoi^al in geologic formations app^rs feasible and attractive but 
still needs adequat^e demonstration. Providing the basic facts and informattion 
to the public in an lirvder standable and credible fpr/tn should do much to allevi- 
ate unwarranted concerns over this matter. Similarly, the safety of transport 
of irradiated nuclear fuel has been very high, an^ the conditions are eyen better 
for, radipactive wastes that are allowed to cool for several years a"nd then 'con- 
verted to solid form. Again, the action needed appears to be that of communi- 
cating this to the public in an understandable form, 

Saf^guar.ds 

One are4 of increasing public concern, and one that involves. some 
thoughtful trade-offs, is that of ''safeguards,'* This is the problem of prevent- 
ing the theft of fissionable or highly radioactive material for the pui:pose of 
making a bonib or' for other nefarious purposes. The problem is primarily 
associated wl^ r.eprocessing facilities and those fuel fabrication, facilities 

usiag highly enriched uranium or plutonium. Fuel in pov^er plaints is pf lc>w 
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enrichment, clad in zirconium, and usually in large heavy assemblies, and not 
of. the type that might be attractive. Irradiated fuel is highly radioactive as * 
well as being in heavy, couiitable, discrete pieces shipped in containers weigh-^ 

ing many tons. \ 

. Much thought has been givel^tQthis problem and many procedures de- 
vised' for improving safeguards or detecting losses and diversions. However, 
the simple fact remains that even a level of safeguards so^expensive„that 
nuclear power would be precluded still could not absolutely guarantee that 
some diversion could not occur. Thus, society ^ust^make a difficult choice -n 
forego nuclear powfr or accept a small but real risk. The question is inter- 
national in scope and applies to breeder and probably fusion reactors as well. 
> 

RENEWABLE RESOURCiES . . 

There is currently about 54 Gv%e of installed hydroelectric power 
generatihg capacity in the United States. Development of some additional 
hydroelectric ^ites that previously have been marginal will undoubtedly be 
done, and the 1985 installed capacity could reach 75 Gwe. This total probable 
increase is Insignificant in the overall program necessary to satisfy the Nation's 
new energy requirements. * 

It is likely that watershed development will occur for a different reason, 
nan>ely, to supply necessary water for coal-based synthetic fuels production, 
for slurry, pipelines, far Surface coal mine .restoration, and for shale oil 
production and restoration. Water consumed in such activities pannot be used . 
for hydroelectric purposes. 

There are other renewable resources, however* Geothermal power has 
been exploited for a long time, but it has never made a large contribution to the 
tot^l energy supply. There are many small installations around the world -- in 
New Zealand, Italy, California, and elsewhere.. All of these are near -surface • 
installations'^associated with very lirnited volcanic areas or heat risers in the 
earth's crust* The steam is formed by natural groundwaters and usually is 
laden with a variety of corrosive materials such as sulfur and salts. 

Another type of geothermall power is the sorcalled '*dry-rock" type, 
where waters from the surface aire injected to contact hot rQck in deep wells 
to form steam. This latter type of geothermal energy is being suggested as 
a potential |na jo r source of electric power and heat. The development of this 
technology to levels/ of significance. before 1985 is difficult to^nvision. 

This is not to say that development of geothermal energy should not , 
proceed. The Task Force believes that a logical, orderly program should be 
carried out in those areas where geothermal power is practical and economi- 
cal. Some have suggested a 1985 goal of perhaps 7 Owe. P This would be a , 
very large expansion over the installed geothermal capacity tqday, and it is 
difficult to see it b^ing accomplished. However, ' even if done, it would be 
extremely small in relation to the Nation's power aeeds, being the equivalent 
of about 0. 2 MBpPD. ' , " 
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OIL- AND GAS-":FIRED STATIONS 

There are many oil- and ^as -fired units in baserload operation in some 
areas of the NaUon. While ft might be desirable to ^decrease natural gas use 
for this purpose, oil-fired units must be utilized for many year^ to come, 
particularly in cycling and peaking service. However, the lower the load fac- 
tor, the less fuel^ese plants consume. The function of oil- and gas-fired 
plants in the future probably should be to provide cycling and peaking capabil- 
ity, not base-load energy. 

It is not practical to convert exist^g oil- and gas-fired units to coal, 
since they have no provisions for coal storage, coal and ash handling, preci- 
pitators, or SO2 removs^l equipment. Furthermore., the furnaces are too 
small fo^ handling pulverized coal, and the plants would have to be derated. C 

Gas -fired units could possibly be conv^erted to burn medium-Btu gas . 
from coal, as discussed previously. However, the cost c^^ manufacturing and 
transporting such gas is economically unattractive compar\ed with natural gas, 
if such gas is reasonably availiable. The alternative is to delegate natural-gas- 
fired units more and more only to providing peaking capacity. 

It therefore remains for nuclear and caal-fired unitsAto supply the bulk 
of new base-load power. Economic forces will increasingly ^ivert available 
liquid and gas energy sources to markets where they do not cc^mpete with low- 
cost nuclear and coal-fired electricity. Howjeve*, SO2 regulat^ions might con- 
tinue to hamper the transition' to c^oal. 

OIL- AND.GAS- FIRED PLANTS 





1973a 


1974-1985 


1985 


Type 


Gwe 


Additions, Gwe 


Gwe 


Conversions from coal 


30 


-20 


' 10 


Oil/gas-fired steam 


145 


120 


Gas turbines & internal 


38 . 


+12 


50 


combustion 








Total 


213 


-3} 


180 ■ 


^Estimated from References 11 and 20. 







As can be implied from the table above, the Task Force believes that 
rseconversions to coal probably will occur and that about 50 Gwe of natural - 
gas-firing capacity could be diverted to oil- or coal-based medium-Btu gas. 

TRANSMISSION ^ ; " 

* ■ . ■ ' ' . . ^' • 

Generation of electrical power requires a concurrent culpability Ifor 
delivei^y to consuming markets, which are predominantly concentrated in urban 



enters. In the current proven $tate of the art, power transmission is accbm- 
shed over maximum main trarismissipn lines at voltages up to 765 kv. Be- 
use of system instabilities, difficulties are often encountered at long dis- 
tances. While 1, 100-kv svstems for higher flows have.been developed, no 
maior network .yet exists using such voltages. A 500-kv dc technology now 
exists that is capable, of transmission for\long distances well beyond 700 miles. 
Ac-flc conversion-costs are greai| but will decrease as solid-state technology 
imprpves. 

■ , " The principal problems that face the transmission industry are system 
stability, corona^ discharges, and obtaining rights-of-way for over:head lines. 
There is also a growing problemlin the divergence of the summer and winter 
system peaks, particularly in Federal Power Commission (FPC) Regions 4 
and 5, tf this divergence continues unabated, excess generation, transmission, 
and distribution facilities will ha\|je to be installed solely to meet the suixxmer 
air conditioning peak; and either electricity costs in general wiJ3\|^se because 
of the unuWd capacity at other times, or the true costs of sumrrier^air condition- 
ing will have to be recognized. j . ^ \ 

The Task Force concludedl that the fallowing government actiona^fc<^ld 
be instrumental an meeting transmission needs:. 

o Help utilities secure adequate rights-of-way for transmission line 
o Encburage stronger nonsynchronous interties between contiguous 
systems to, achieve stability and diversity. 

STORAGE 




Since high -^voltage,* alternatjing-current electricity cannot be stored 
it must be converted to oth^^formSj before storage. Present schemes take 
several forms, including water stoxjage, compressed air storage, and 
batteries. Briefly, the two major n^echanical schemes absorb excess electri- 
city during off-peak hours by pumping working fluids to a higher energy s,tate 
(elevation, pressure) and returning ele</trical energy to the grid during peak 
demand hours," usually morning and evening, ^ 

Pumped- storage schemes are energy absorbers and capacity producers. 
Therefore, while they fulfill a vital mnction to base-loaded units o^ the system, 
they are in fact energy-consuming units. For this reason, they are important 
and :^aluable adjuncts principally to dlpal-fired and nuclear-generating units. 
^bouT^^S Gwe of pumped storage units could be expected by 1985. 

If the estimated nuclear, and cpal-fired power plant programs described' 
earlier are achieved, a tdtal of aboutpOO Gwe of essentially base-loaded 
capacity will be installed out of a total of roughly 1, QOO Gwe in 1985. Unless 
something dramatic occurs in consumer demand to improve overall load 
factors, this base-load capacity wouldlbe too mugh. Hence, of the tot;al 330 
Gwe of coal-fired capacity, about 130 Gwe- is expected to be rfelegated to 
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cyclic load. In addition, about 45 Gwe of pumped-storage units could be used 
plus perhaps another 50 Gwe cycling capability from the nuclear plants that 
came on-line in the 1970 ^^1975 period. Since there is about 8 lOwe of pumped- 
storage capability today, this estimate represents the addition of an average 
of 18 new 200-Mwfe pumped- storage systems every year for 10 years. ^ 

OVERALL GENERATING CAPACITY (Gwe) 





1973 


1985 


Nuclear 
Coal (solids) 
Oil /gas 


143 . 
17 5^^ 


325^ 
330 
1 30' 


Gas turbine & internal 
combustion 


38 


50 


Medium-Btu syngas 




20 


HydrQ 
Geothermal 


- 54 
^fil 


75 
"7 


Pumped storage 


8 


45 


Total 


439 


982 


^t end of year; average for year, iSO Gwe. 

b ■ In' 

—Estimated split. Total fossil-fired steam was 


318 Gwe. 



WATER 

Thermal power plants require substantial^eimounts of water for cooling 
purposes. While there are environmental effects* from warminja; the cooling 
water, the principal pne is the evaporation, of about 5 lb of water lor each 
Kwh produced. This consumption is about the same, whether the cooling is ^ 
ohce-through, cooling towers, ponds, etc.* It would not, of course, apply for 
air cooling. The power production considered feasible in 1985 would result 
in the consumption of about 7 million acre-feet per year of water or about 27 
gallons per day per person. This compares with overall freshwater consump- 
tion for 1970 estimated at 98 million acre-feet per year or 425 gallons per day 
per person. . . 

^ \^ The demands on freshwater supplies can be reduced by use* of seawater 
>r p)Qwer plants located in cqastajl areas. Various coastal protection measures 
iirmany states are, however, making such siting and use of seawater almost 
impossible. , o . 

sThe use of cooling towers reduces the efficiency of powef plants, which 
not only increases their cost per unit of capacity but also increases the amount 
of fuel reqilired to produce a given amount of power. Air cooling has been 

used in various areas on relatively small plants and might become U^ed more ' 
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widely in the\rnited States, although costs are high and the impact on fuel 
consumption is also high due tp the large reduction in plant efficiency. 

Typical effects on efficiency and fuel use are about 1-3 percent for 
wet cooling towers and 10-15 percent for air cooling, as compared with once 
through water cooling. 

As the efficiency of water cooled pow^r plants decreases, the amount 
of water consumed (evaporated) is increased since more reject heat must 
be (disposed of. For example, a reduction in efficiency^ of a nuclear plant 
from 32"30 percent would increase the amount of cooling water needed 
by 10 percent. . 
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Chapter 6 
SHALE OIL 



INTRODUCTION AND OVERVIEW 

The large oil-bearing shale deposits in thfe Grefen River formation of 
Colorado, Wyoming, and^Utah have been estimated to contain some 1, 800 
billion barrels of oil mo^e than four tmies the etude oil in place discov- 
ered to date in the United States. However, only about 6 percent of the de- 
posits are accessible and are in sekms 30 or more feet thick containing more 
than 30 gallons of oil per ton of rock. Only such very.rich deposits and out- 
croppincs are of current commercial interest-in the $6 to $8 per bbl price 
range. 

Recovery of oil from shale is a very 6ld art that has never been carried 
out on a large commercial scale in the United States. In work performed by 
industry and the Bureau of Mines over the past several years, shale-oil min- 
ing technology for the richer seams ha^s been developed; and^ining costs are 
reasonably well ^tablished. Environmental restoration costs may not be so 
well established. \ 

Recovery of shale oil (kerogen) from the rock in which it occurs and 
conversion to a syntheti^c crude low in nitrogen and suitable for transporta- 
tion as a liqiiid have be^n demonstrated in pilot plants. From the results of 
these pilot plants and babed on announced industrial plans, the Task Force 
judged that surface retorting processes probably have reached a point where 
commercial scale -up carl begin. Surface retorting mea;ns mining the oil- 
bearing rock, bringing it\to the surface, retorting it to extract the oij^ 'and 
disposing 6f the spent shale. Mining of shale for commercial purposes must 
necessarily be on a huge scale. Even the achievement of 1 MBPD of syncrude, 
while not large in terms of the overall demand of oil and total energy, would 
require the mining of rock at the rate of over 500 MTPY. This is almost 
equal In tonnage to the entire 19t3 production.of the whole U.S. coal mining 
industry ,falthough not in volume because of greater rock density. Shale 
must be handled twice/ further Qompounding the problem. The\ excavation 
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and disposal of such ^quantities of rock present technical and environmetital 
problems of great magnitude. I 

The tailings from even one 0. 1-MBPD plant will accumulate at the^rate ^ 
of 40 to 50 acre-feet per day. -Since the volume of the retorted tailings is<^ " 
considerably greater than that of the mined rock, little more than half of this 
can be returned to the mine. While there is space for such tailings in remote 
canyons near the deposits, rainfall leaching could affect the quality of wkter. 
runoff in riyers downslope unless preventive measures are taken or reaiora- 
tion is done. Because no great amount oif spent shale has yet been accumu- 
lated, the total range of problems, including- replanting, stabilizing, and 
leaching, is not well defined. This issue is of such importance that continued 
lack of answers could delay or jeopardize the early availability of oil from 
these domestic resources. 

Recently, preliminary studies^have been conducted on in situ retorting 
of shale, that. is, extracting the oil underground. Only a much smaller C[uan- 
tity of rock is mined and brought to the &urface to create a cavity. This 
work may prove attractive but Kas not yet progressed to a point where it is 
possible to pass judgment on its feasibility. The Task Force believes that to 
delay construction of commercial size above-ground retorting plants on the 
basis of such speculative alternative prospectia would serve only to elimiiate 
shale oil from any beneficial contribution in the pre-1985 period. 

A major problem associated with shale oil development is water availa- 
bility. While' some major studies by others have assumed that excess waiter 
was available in the Colorado River watershed, the Task Force understands 
that such water may already be overcommitted for other uses and that supply 
is not likely to improve.' Undoubtedly, some agricultuxal.water ^rights can 
be purchased, but these would probably be only a small fraction of the needs 
of a Significant commercial shale oil industry. Indeed, the Task Force te- " 
liev^ that one ultimate limitation on shale oil production will be water avail- 
ability^ unless major amounts of water are brought in from elsewhere. 

The size and location of tracts currently available to private operators 
is also a problem. About 80 percent of all shale reserves lie within federal 
^lai>ds,^and the goverriment currently restricts leaseholdings to about 5,000 
acres. Such tracts are too small to give assurance of an adequate 20-30- 
year supply of shale, and many tracts have reserves inadequate to support 
even a single commercial plant. Development conditions requiring many 
companies to build their own prototype plants are inefficient and wasteful, 
T^^ siz^e of contiguous tracts needs to be tripled or even quadrupled to pro- 
vide reasonabV^ incentives for efficient commercial developmnent. 



ESTIMATED PRODyCTION CAPABILITY 

■■• 

Two new industri^semicommer cial plants have already been annour 
to be^ on-line by 1979, ariuj considerable interest has attended the recent 
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Colorado lease sales, as the bids in the hundreds of millions of dollars will 
attests Utah and Wyoming tracts are being leased. Despite this activity, 
the lead times and the serious problems facing the industry force the Task 
Forl:e to conclude that the maximum t%^get production rate by 1985 cannott> 
realistically exceed 0. 5 MBPD. Even this target is an extremely large under- 
taking, involving the capital expenditure, of some $3 billion to $5-billion in a 
ne^ and unfamiliar technology; 

Expressed in pliysic^l terms, this development could .mean: 



o 

plants. 



Bringing into production 50 new 5-MTPY shale;mines and retorting 



o Laying, stabilizing, and restoring 5 square milef of tailings 40 feet 
deep^ach^^^year . 

Constructing 10 new 50, 000-j»3PD upgrading plants and production 

Developing and conveying 80, 000 acre-feet |)er year t^ new water 
in a water-scarce area. ^ ^ \ 




The problems involving scale-up of the soy^ps handling lystem^^or such 

that pioi|eer 



uld ndedJr6 come" 



unfamiliar material defy reasonably forecasting and sugge^ 
plants be built soon for experience. A program of this magiitude, however, 
would mean that, on the average, five major shale mines wc» 
into production every year for 10 years 

♦ POSSIBLE GOVERNMENT ACTIONS 



If it is desired to establish a ^viable major shale oil industry, ^it could be'| 
enhanced by the following government actiotis: 

o Develop Acceptable Tailings Disposal Methods . The government 
could sponsor intensive studies regarding the 6nvironm(*ntal p^roblems of 
large tailing heaps and sponsor field tests dealing with <^fficient rapid 
restoration methods and leach prevention. 

o Make Federal Lands Available . Larger tracts of perhaps 15, 000 
contiguous acres each could be made available for leasiag to /provide in- 
centives to industry. ( 
o Determine Waiter Availability . The Bureau of Rec 
sponsor water availability studies, including alter native, s fo/r developing 
new sources of water needed for shale oil production and restoration^ 
The bureau could assist firms in obtaining allocatipns and pights to such 
water, ^ 



amaiibn could 
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Chapter"? 
OIL AND GAS 



4- ... 



INTRODUCTION AND OVERVIEW 

* - 

In the first 40 years of the 20th century, the United States gradually turnec 
from coal to oil. and gas a§ its-primary energy sources. In the period' of eco- 
nomic growth following World War li, the surge in private automobiles, the 
growth of diesel truck and' airline traffic, the conversion of the railroads from 
coal to diesel power, and the^apid growlh in oil- and gas -fired electrical 
generating capacity all contributed to a decline in coal production and an ac- ' 
celeration in growth of oil and gas consumption.^ The dominant position of 
oil alid gas in today's economy is illustrated in the follow ing'^able: 

19:^3 U.S. ENERGY DEMAND, (INCLUDES EXPORTS)^ . 



Fuel /Re source 






MBPD Oil Equiv. 


Nuclear and hydro 
Coal and lignite * 
Oil and gas 


>■ 




1..8 :■ ° 
, 6. 8 
•28. 6 , 


Total 




1 ■ 


■ '* zh.z 



These facts are important because they reflect the extent to which the 
U. S. ^cionsuming markets have embraced oiland gas in installed facilities. 
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Fuel 


Resourc^/ 


Flow s 
(MBPD) 


1 otai 
(MBPD) 


Petroleum 
liquids 

• 


Lands 

Continental shelveis 
Imports 


8.3' 
1.8 

3. 1 . 


r3.2 


\^Oll products 

^ ^ ,. — 


Imports " 


3ro ♦ 


3.0 


Natural gas 


Lands 

Continental shelves 
Imports 


' 9. 4 
2. 5 
« 0. 5 


12.4 

• 




Total 

- 8 


28. 6 


28. 6 - 



Imports - ^--f 

Until recently, most of the oil and gas usedl in the United States cafne 
from domestic sources, with small but signi-ficapt imports from the rest of 
the Western Hemisphere. However, tne combination <^f a leveling in domes- 
tic production and a burgeoning demand led to a rapid increase in imports in 
the last few years, largely from the Middle Eastl 

A variety of estimates have been made of future import requirements, 
and moQt of these indica'lEe that unless substantialiadditional effort is put into 
development of domestic sources, imports will grow to 10 NlBPD anrl beyond 
within a few years. This oil will almost" certainly come from the Middle 
East, , where the world's spare capacity, whatever! it rr>ay be, 'is likely to be 
concentrated. The fask Force believes- that the Upited States has; the re- 
sources and thjB technology to reverse this im^portaltion trend and to reduce 
imports by 1985 to a^ practical minim^lm that will bie consistent with^ national 
policy if it is desired to do so. It is believed that such a practical minimum^ 
would include some imports for the^foreseeajble future for reasons 'of eco^ 
nomics, world trade, and resource conservation 
Oil Storage 

Storage of several months supply of either irnpoWted or domestic crude 
has been advocated to minimize problems caused by ^interruption of imports. 
It has bee|i 'advocated that e^^isting fields be taken offl pr9duction to serve as , 
emergency sources, of oil. However, production from oil fields* is limited by 
the percolation of^tji.e oil from the surrounding matiux and cannot exceed a 
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fraction of 1 percent of the total volume per(rnanth, a slow rate set by nature; 
and, hence, shut-in oil fields canriotlmake a substantial impact in replacing im 
ports for short-term emergencies, . ^ 

It is true that oil can be extracted and then stored in salt domes and in 
tanks in,8ufficient quantities so that it could be withdrawn at a fast enough 
rate to meet temporary shortages. In Europe, storage of several months' 
supply of crude ^il and oil products is commonly required. However, such 
storage is very expensive and inevitably increases the c^ost of product's sold 
to the consumer. " ^ ,f N 

While some increase in the arnoiint of nationwide oil st^age could be 
achieved and may be desirable, realistically it is not a long-t^rm solution. 
Exporting countries, which can afford to forego revenues from ^l^e United 
States because of t^e demands from other nations, could withhold product^ 
from the United States for years. . ^ \^ 

Reserves ' . <^ - ' 

Crude reserves are defined as oil thaf^is reasbnably ce^rtain of being p^o.^ 
duced in the future from established reservoirs based on geological and en- 
gineering data under existing economic and operatin'g copditiohs. Domestic 
reservoirs of oil discovered to date or Igioally co|itainecfVappf oxlmately 430 
billion barrels of etude oil, but only about 140'billion barrels were classi- 
fied as recoverable by conventional rtiethoda.^^ Of this amount, about 100 
billion barrels have bfeen produced, . leaving approximately 40 biUion^ar rels 
as current reserves. The principal existing rqsei^ves in the United States 
are (dnnd in the major basins of East and West Texas, the Los Angeles area 
of'California, the Gulf Coast of Louisiana, and the North Slope of Alaska. 
Additional substantial aifiounts of oil will urjdoubtedly iDe disqovered in 

^ areas where considerable drilling has already taken place, particularly with 
yryi'^oved price incentives for exploratory ventures. However, it is believed 
that most of the inajor fields ^in mature exploration areas have already bee^n 
found and that additional fields will be stnaller in size and more difficult to 
discover. > , » • ^ 

jc% For-this reason, increased attention has been focused on. new areas or 
pediments that hav^ not been^yet explored. Some of these are <;Jeep forrria- 
tions that hav« heretofore been too expeasive or difficult to drill, such as the ^ 
very deep gas-bearing formations in Oklahoma. Others are those whose geo- 
logical potential and underground configuration have not been well understood, 
such as the Jurassic trend in Alabama and the panhandle of Florida. B,ut by 
far the'^most interesting, and tjeHeved to be highly prospective, are the Alas- 
kan North Sl9pe and the offshore areas of the East Coast and the Gulf of Alas- 
ka. The off shore' areas in particular are known to have large volumes of sedi 

> ments of the type^which are normally cotiducive to the formation and retention 
of hydrocarbons. The actual exii^tence o*f petroleum reserves in these aedi- 
ments can only be pi*c^ved by drilling operation's, and the presence or absence 
of these reserves will be cruciaiL in any efforts to increase domestic prN^duc- 
tion by 1985.' , . j .. . * ' ^ 
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Produption Rate 

production rates are controlled by state regulatory agencies. In the 
pastXproduction was prorated to match supply and demand, with no signifi- 
cant pVice movement. In the face of rising demand and limited domestic sup- 
plies, production rates were raised to the Maximum Efficient Rate (MER). 
The MER depends on a number of factors, such as reservoir size and quality, 
well spacing and depth, dnd oil characteristics; but the basic objective is to 
permit the field to be produced as rapidly and fairly as possible without- dam- 
Agi^g the reservoir and reducing its ultimate yield. 

The question of possible reservoir dantage at high production rates is a 
\ difficult one because of problems ^in scaling laboratory models to field condi- 
\ tions. Similarly, field tests are not favored, because, if damage is done, it 
\is often irreparable. As a result, state agencies tend to be on the conferva- 
ttye s^de in setting MERs, and it is possible that some fields could be pro- 
duced faster without , appreciable reservoir damage. This will add to current 
production but, of course, will not add 1^6 ultimate re&erves and is .therefore 
not a long-term solution. * ^ 

Declines in Production 

A typical petroleum well or field exhibits high production in the initial 
few years followed by progressively declining production during the remainder 
of its life, which is usually on the order of a v«ery few decade^. The rela- 
tively rapid decline is due to a number of natural forces, some of which can 
be partially alleviated. 

Eventually, however, physical diminution in the ainpunt of oil and gas 
left/ plus x:hanges in the relative permeability of the formation to oil or gas 
caused by fluid migration, reduce the amount of petroleum that can be pro- 
duced. At some point, the cost to operate a well and t^aintain its production 
^ facilities will approximate the value of the liquids or gas produced. So-called 
**stripper*' wells are extraordinarily, sensitive to economic conditions and im- 
provements in technology. Profits from sucli production. are* Usually low be- 
cause of high producing costs. Vet these wells produce truly incremental 
domestid *q.il as opposed to simple acceleration of production., It is for^this 
reason that separate regulations and economic incentives ^sometimes ap- 
, plied to stripper prx>duction. Such wells cap seldom be restored to economic 
production after they have been permanently shut dpwn, and regulatory agen- 
cies tend to extend favorable treatment to them. 

Most predictions for total U.S. domestic production in 1985 forecast 
^ \ that even with vigorous efforts and enhanced recovery the decline of oil and 
- gas production from existing producing f.ields'^wlU be more than 50 per^^ent 
below Cfur rent levels. Most increases in produption must come from n^w 
ifields not yet developed. ^ 
% Secondary a^id Tertiary fiegovery , ♦ , . ? 

Reinje^tion of water'6r» gas in order to arrest the normal decline in sub- 
X. surface pressure is commonly done, and such procedurel3 are referred to as 



^•secondary recovery. " These methacls slow the decline in production, mini- 
mize wasteful bypassing of pockets of oil and gas; improve the economics, 
and hence promote greater ultimate production. 



More advanced methods of recovery, called "tertiary recovery, " have 
been under development for some years in the labpratory; and these have 
been studied in the field in a limited number of sttiall tests. The most prom- 
ising techniques irtclude steam, in situ combustion, carbon dioxide, miscible 
floqlding agents, and surfactitnte. Individual oil fields will demaijcf specially 
tailored methods that are compatiblenwith th^ unique characteristics of the 
formation and its contained flui(Sd>,, These adyanced methods can undoubtedly 
be developed during the next decad^. ^'M^ 

There are a number qf difficulties^u^rriA^ be overcome, however . One 
is the fact that a large number of Royalty owh^s and operators must be 
treated equitably, and agreements for unitizati(m of fi^^^8 for the benefit of 
all are difficult to formulate, V ^ 

A more serious problem is the development and demonstration of im- 
proved tertiary recovery technology. SubsWntial scale-up of laboratol^y 
techniques is needed in a number of large field tests to .give ^seurance that 
the technology is und^rs^ood before widespriad|5^ommer cial application is 
undertaken. V The payoff would be the ability |to 6xb:^ct more of the approxi- 
i^ately 290 billion barrels of oil remi^irvlng iiji the grbund where 500, 000 wells 
and their collecting lines already eixist. 
Une^conomic Fields ^ y ] ' 

A large number of hydrocarbon-bparing. formations are known that are 
currently uneconomic to produce. Principal reasons involve otxe or a com- 
bination of thejfolldwing:. The formations are too low in permelibility, the 
productive atrata aire top thin, the value of fluids ultimately recovered from 
a given well does not exceed the cost'of the w^ll, and the ^.prbduction of un- 
wanted fluids such as water make the producihg^operation too expensive.. 

Of particular interest are some known sands that >are impermeable but 
,are also extensive and contain hijndredja of trillion cubic feet of gas J At pres- 
ent, the revenueg^ from a.well drilled to such formations often do riot exceed 
the cost to drill and stimulate production to a high level, much less yield an 
acceptable retu^ on investmei3i|8» However , possible significant improve- 
ments in technology and economic incentives offer, the prospect of substan- 
tial increases in domestic gas prbductidn under the proper circumstances. 
^ Shut-in or Underproduced Fields a 

There are a number of very large oil fields currently^ not producing that 
jfould add substantially to the current U.S. supply. Elk Hill&, a naval petro- 
leum reserve located in California, has wells and production facilities al- 
ready installed but not operating. • Prudhoe Bay in Alaska and the offshore 
Santa -Y^j^^^ie Id in California are two major, reserves wh^se productionNhas 
> been delayect^by, environmental toncesns. 



ing at maximum allowable rates 



and gas fields depend on tract avail- 



A number of major fields now produci 
cogi^ld physically produce more if the MEKs were raised. East Texa^ and 
Y^tes are the two most prominent. 
Leasing of Government Lands^ 

Discovery and exploration of new oi] 
ability so that drilling can occur. Since/the lead times for explor ing and de- 
veloping spaa many years, major tracts/ need to be opened for exploratior^ 
soon if there is to be^ significant production before 1985. Except for the IJ^orlh 
Slope of Alaska, these major a^reals are alrriost exclusively found^offshdr^. 

While, some "high-grading^'^h^ts been achieved by the federal system/of 
soliciting noon inat ions for tracta^^ffered in the past, the nominating areais 
within the tracts are limited. Recently, another procedure was proposed to 
rank unleased acreage by orderv^ of pr|ibable production potentialr and to dffer 
the highest potential areas for l^ase xirst. Men, materials, and drillii^g rigs 
all are in limited supply and could be concentrated irj areas having the /highest 
probability of success by this chang^. - ;/ 
Related Facilities and Equipment 

Acceleration of production from o^:^hore areas is posiirble only if ade- 
quate equipment in sufficient quantity is^vailable. A Key item/is the yery 
limited number of ocean-going drill rigs capable, of drilling in more tha^n 15()- 
feet of water, Lea>itime for construction of stK^ rigs is fairly long, and theii 
availability could be o)ie.^f the limiting factors in^cceleratin^ offs^orepprb- 
duction. Clear signals will hav^e to be given if drilUrfg c^ornpaniesN^re to in- 
vest in this equipment prior to actual granting of offshore leases. / 

Refineries are normal an<Cessential parts of the process of delivering 
petrpleum Energy to the consurnfes^. Adequate domestic refining . (capacity ex- 
isted for decades .until just recently, when,the certaii^ decline* in^' domestic 
production ani;! the uncertain prospects of being a^le to import S/bfficient crude 
under existing goviarnment regulations led refiners to delay exparvaioris and 
hew constructions. I'hV delay was also abetted in Some cases -oy environ-; 
mental concerns, .The T^isl^ Force believes ffilit jthese environmental con-^ 
cerns can be overcome with careful planning and that the ecoilo^ic incentives 
are such that, iii the absence of suppressive government policies, adequate 
refining capacity can and will be ^uilt to handle any increase/s domestic 
production of oil. - . ' ^ - ^ 

Pipelines are recognized as an inexpensive, efficient, and .potenOfeilly 
environm^entally sound'mfethbd of moving both liquid and ga,seous hydrocarbons 
However, the; trans -Alaska pipeline has already bfeen delayed considerably; 
^ gas pipeline from A.^la ska will. undoubtedly receive ca,reful scrutiny, and new 
pipelines will haVfe to deriionstrate that they are envif orinlentally safe as well 
as economically viable. With careful attention to such matters, pipelines ^ " 
^hould continue to be useful movers of, petroleum energy and should be avail- 
able with the capacity sufficient to handle any/^ticipated increases in .domes'i* 
tic production. ' 



^^PRODUCTION PROGRAMS 



beclines in Production from Existing Fields 

. The normal decline in production rate fronKoil and gas fields is known 
with reasonable accuracy. Existing" fields, whiqhHn 1973 produced 10. 1 
MBPD of oil and 67 6CFD of gas, are expected to dec^ne by6 MBPD^of oil 
aad 39.4 BCFD of gas by 1985. The production rate debrease Would be much 
^greater but for the expected application of .secondary recc5Very operations, 
which will account for well over half of production from known fields' in 198B. 
TertlaryNi^ecoVfery from existing fields is normally expected to^amount to xabout 
0. 5 MBPD\y the end of the next^v4ecade 
Production frorn New Fields 

New f i e Id s^\^ iTl --^p n t i nue to be foun^a^arnd^ brought into production as an ordi 
nary and usual part of^'tl^e petroleum industry's operations in the years ahead. 
Increases in production a3h^ necessarily increrxient&l and slow in developing 
because of the nature of the "drilling and-prpducing operation; immediate, results 
from a changed economic or regulato|y clima£e cannot be expeqte^d. The cu- 
mulative impact over a decade is substitnt|al,x;^wever . Based 6n teasonable 
assurtiptions abdut the future, the Task Force e0iirh^te,0 tfiat production from 
nevi^'^^iej^ds will amount to 5, 5 MBPE^of oil ^n^ 36. G '^CFD of gas, not quite 
of fsettir^^ declines from known fieldsl ^ 

The assumptions on whifeii these forecasts rest basictilly fhvolve continu- 
ation of rece^ trends. For dxaitiple,. the price of domestic oil is assumed to 
be near but somewhat below its free market level in mucii of the next decade,. 
Vith price controls or other restVictiotts in at least the initial year s. The 

rice; of gas is assumed to rise, substantially but not to reach parity on energy 
content with ceaT or oil biecause of S^xterided, ptice controls. Continued environ- 
tnental pressures are viiEmalJzed, 'but long delays on major- projects such as 
that ^^peri&n^eld by the trkn^Alaska pipeline are not ^tioipated.v Speeifi<rially, 
l^^y 198S the North ^laptg. of Alaslc^^ is' assume4 to produce/2vMBPD of oil and 
3 BCFD of gas.' An accelerated le^s^iifg program for. of f shore -government 
land is assumed,,, but not in the amounts or aequenqe that wf 11 maxir^ria^l985 
production. No^ technological bVeakthrou'ghs a^^ in drilling cos^g 

. tertis^y recover y efficiency, and tt-ls talf'en^or gratite^cj^hat discoveries of 
new reserves per foot of ^hoJLiB drilled in mature exploratioiKareas will continue 

* .their downward trends. v ' ^ ^ - 
Accelerated Production and Leasirig^ ' ^ 

One key to acceleifating production'of oil using known technology 
ej^tablishr^ent off a jitter economic climatecthat leads the- producer to expe<it.\ 
to re&ov^^r higher costs caused by taking greater risks or operating in a mpr'e 
expensive fiiaiiner or a-|'ea. The anticipated pr^BtKxtioh increases described. 
inStl\e preceding a^ctioh^are fcase^d an assumed irnpi^o^^d econpm,i^^lirhate^'. 
"^•^-s^dom^j^S^^^ and gas were to closely approach price paT^^y^wi^lj?^ 
^ crU:4e, , the^incentives would stimulate injdustry to accelerate m^^uction ef- 

* forts, an4 substantial production incre»^es d^ld be achieved by 1^1 





In such an economic climate, increased cash flow and iniproved pros- 
pects for profitable discoveries would cause exploj^ation efforts to be substan- 
tia^Uy expanded. The drilling of outpost and development wells ui mature pro- 
ducing areas would^e strongly stimulated. * ' 

Wells that were not drilled because of marginal economics would be.^,at- 
tracUve with higher oil and gas prices to offset higher drilling and operating 
costs. Production from known but presently noncommercial reservoirs (e. g. , 
tight or thin formations) would become feasible. Workover of wells to in- 
crease rates of production would be stimulated, althougW this would not cha*nge 
reserves or eventual production. HoAvever, it would accelerate production in 
the decade ahead. Abandonment of ^tripper wells would be delayed as a re-, 
suit of reducing the lowest rate at which production is economically feasible. 
Also, more secondary recovery projects would be initiated, thereby increas- 
ing recoverable reserves and accelerating prbduction. 

, The number of individual investment opporti^nities, investment criteria* 
and investment decision-makers that will determine actual responses with 
price ipofeases is so large and poorly defined that confident prediction is most 
difficult. All. who have studied the relationahip agree that increased economic 
incentives would bring, forth additional supply over a sufficiently long period 
of time, although ''there is less agreement concerning the exaqt level, i^urther, 
the usei of economic incentives to stimulate the above activities appears to^be 
by far the most effective method. , 

A second key step in accelerating production is to make available mor 
federaivacreage in areas having the highest geological potential. There ar 
in the United States a nximber of highly promising petroleum provinces that ^ 
have not been definitively explored because of their undvailability. If these 
'iareas are^^^o n>ake a contribution to the, petroleum supply by 1985, action must 
be takten soon. In hostile offishore environments, the time frpm granting of a 
leade fo the- first s ignifi cant prbducHon may be on the order of 7 to 10 years. 
Even in areas close to est^bTisTie^stip^ply^ bases, development of production 
may require 2 to 3 yearq[ after a lease is grantedr-^^Qfeourse, extensive geo- 
logical and geophysical work is required before lea£singTT^f~^i^«^r,eas^d domes- 
tic oil and gas productiiOn^s ^sired, the new areas should be made -available 
"^for industfy leasing as soph as possible,' w.ith the pi*ospective tracts having 
tbe highest potential being offered first.' 

, With these qualifications, and assuming adequate incentives supplied by 
free operation of the energy market and available federal aci-eage, it is esti- 
mated that production cpuld be increased an additional 2 M^PDof oil and an - 
otiier 14 BCFD (2^ 5 MBPD oil equivalent) of natural gas by 19^8&v , . 
Additional Known Fields ^ , \^ 

Capabl^ fields that are pi^esently Restricted could be'brought inio pro- 
duction. Tlxe Elk Hills field, for example, could« almost imn;iediately produce 
0. 16 MBPD of oil, if mc^king tins naval petroleum reserve availa,i)l^ to meet 
the Natioji's current energy neel^s is^acceptable national policy. The original 



rationale for setting such reserves aside may Ao longer be germane. Other 
naval petroleum reserves, such as the NPR-4 in the North Slope of Alaska,^ 
could' be sold or leased fo;r production, if conditions warranted such a step. 
However, no forecast of possible production from these is included in this 
analysis. 

There ^re a few large fields (e. g. ,^ Yates, East T^xas) where production 
could be increased above present rates. Under the present regulatory sys- 
tem,, changes cannot be made by the federal government; and no increases 
have been assumed for these fields. , 

Prudhoe Bay and Santa Yhez (Santa Barbara Channel) are two"^ large fields 
w^jere development has been delayed for .environmental reasons. It is assumed 
that these two fields will be producing substantial amqunts by 1980. Failure 
to bring them into production would substantially increase' suppiy/dem,^nd 
problems or levels of imports required. 

Tertiary Oil Recovery Methods . o > 

U.S. oil reservoirs discovered to date originally, contained approximately 
430 billion barr*els of oil. Primary recovery operations and conventional wa- 
ter ^nd gas injection secondary recovery operations have already recovered 
oT will recover about 140 billion barrels from these reservoirs, leaving sofne 
290 billion barrels that cannot be produced by coriventiohal methods. 

Several processes have been under development for achieving higher re- 
covery than is possible^ with conven^^ional production methods. Thjpse en- 
hanced recovery processes for the most part have not bjeen economically at- 
tractiive to date. They do offer potential for affording worthwhile volumes of 
additional oil production by the early 1980's if economic and technological 
problems can be resolved. Different processes appear most promising for 
certain types of fields. Additioi^al laboratory work and a substantial number 
of large -^cale field tests are needed to complete development of the technol-* 
ogy.- Different field te^ts should proceed simultaneously, not sequentially; 
companies ^developing the technology should be perniitted to cooperate^, free 
of antitrust restraints. , • - 

if a prograrn of goveVnment;^ assisted fieM« tests is undertaken to ove^r-^ 
come Qb,stacles and implement enhanced oil recovery applications, it ajip^ars 
passible that these applications may yield 0.6 MBPD by 1 980 ,aAd 1. 3 ^BPD 
by 4985. . f These yofumes represent increments of 0.2 MBPDJn 1930 a^d 0.8 
* MBP£) in 4985 over what can be Expected without the program. , \ 
Gas 'Pr6duction from l^ow Permeability Sands , . - 

The National Gas Survey estimated th^t 600 TCF of gas was^n place in^^ 
tight sand rese^rvoirs in the Green River, Piceance, and Uint^basins of the 
Rocky Mountain area, and the Gulf Uriivef siiiy Re^earch^'Cons'ortium' esti- ^ 
rnated that an additio|ial 625^CF was. in place in tight sand -reservoirs in 
other basins. If 10 percent of the gas in placfe in tight sand reservoirs, 
could tie recovered at 10 billion cubic feet per Well, 12, O'OO wells woi\ld be 
needeM. At 'a conservative million per well, the investment required is 
$24 billion.' 
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Government as9istanc6 will be needed in achieving fair market gas values, 
completing development of nuclear and possibly hydraulic fracturing technology, 
overcoming environmental problems, and assuring availability of materials 
in order to accomplish^large-scale development of the tight sand gas reser- 
voirs by the early 1980*'s. If such an effort is made to develop the tight sand 
gas reservoirs, it is^possible that production levels of 2 BCF per day by 1980 
and 3 BCF per day byt 1985 could be attained. 
Total Production ^ 

I A summary of the production that could be achievable^y 1985 is shown - 
below. The tof) two rows of incremental production figures represent the an- 
ticipated production under the assumptions described on^ag.e 80. The rB- 
pain^ng portion of this table shows the incremental production, beyon^ 1973, 
Which the Task Force jv^ed to be realistically possible under the ipeioi 
voratjle conditions outlined in this report. 

1985 ESTIMATED POSSIBLE OIL/GAS PROptrCTION ^ 
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The magnitude of such oil and gas expansion can be visualized by illus- 
tratirlg the activities associated with those^ ejcpansion efforts: 

( OIL/GAS SUPPORTING ACTIVITIES . . , 
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Offshore employees j. 

^ v ' 2 7 
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Mobile offshore drilling rigs X, 
Platform drilling rigs 
Number of platforms in place 
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POSSIBLE GOVERNMENT ACTIONS . 

'■'■V ^ ■ ' , 

If it is desired to increase dorfc^estic oil and gas production, government 
actions that could enhance this include: 



o New leases . New leases could be-made available off.shore and on 
federal lands in quantities that industry can absorb and in order of geologic 
promise. * , ' ' 

o. Known fields. , //Elk Hills and other naval petroleum reserves could 
be leased and prod\ictic!>^n'initiated. ' . 

o Low-periyieabijlity gas reserves . The government could encourage 



evaluation of nuclear stimulation pf tight g^s sands by continuing to make ex- 
plosives available and possibly sharing some of the demonstration costs. . 
Hydrofracturing methods may also need assista^;ice if private efforts- falter. 

o Tertiary recovery techniques . The government could extend finan- 
cial support to field testing of new techniques for reco\^ering oil from de- 
pleted or nearly depleted fields. o 



Chapter 8 



OVERALL CONSIDERATIONS 



The previous chapters dealt with the decreases in demand and the in- 
creases in dcmiestic energy production in individual energy areas that might 
realisti<ially^_^^brought about in the next 11 years. It ha^s been assumed! that 
despite the urgency, government and industry will operate in their tradytional 
peacetime roles and that a wartime "crash" effort will not be nece^sajy. In 
each area, estimates have been made of the magnitude of. the energy 'produc- 
tion that might be achieved, along with identificatian,.of some of the problems, 
barriers, and possible solutions, TJfe magnitude^of each prograrry^was as- 
sessed, but no attempt was made to assess overall costs or feasibility in 
terms of a total program in which pa|:allel effort would be underway in sev - 
eral or all of the aread at once. This chapter seeks to evaluate the overall 
impact of the various programs. Together, they represent all of the pos- 
sible appr^^©hes' for making significant changes in energy supply-demand' 
before 1985. ' * \ 

The, desirability of carrying out the. total program is beyond the scope 
of this study. It involves questions of costs and benefits, not only from the 
economic but also from the societal and political points of view. However, 
th* description of this total program sheds some light on the maximum 
effort that. may be feasible by 1985. It provides further insight IntO' some of 
the problems' that will need to be resolved in arriving at^a national energy 
policy. ' ^ ^ . ' , c. 

It was necessary to limit the consideration to ei'ssentially one date (1985) 
in-order to 15^p the scope of the study withlA the practical limits of the 
Task/ Force, a^^ so this report should be considered an estimate of what 
^dSttW be accomplished by that time. It was not possible within this litftited 
study to prepare detailed schedules of supply and demand throughout the 
decade. / 
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PROJECTED DOMESTIC SUPPLIES 



The following table summarizes the separate projections made in Chap 
ters 4 to 7 of potential U.S. energy prpciuction in 1985. These projections 
were derived individually for each primary energy industry. ' They reflect 
the Task Force* s '^judgment of wha.t is reasonably possible with existing tech- 
nical capabilities, existing natural resources, early access to new natural 
resources, remoy'al of administritiye and regalatory impediments, and ef- 
ficient operation of the Nation's economic system by providing incentives to 
attain the desired end results. ' 

The Task Force cautions that these separate projections represent an 
upper limit to what is believed reasonably attainable. They neither reflect 
production targets, nar do they iiyply necessarily a satisfactory mix of 
energy forms for supgying projected cpnsurnption demands. The Task Fore 
acknowledges that more rapid e^cpansions of some energy forms may be pos- 
sible through ^'crash** programs but with attendant high cost^poor risks, , 
and wasteful inefficiencies.. „ ^ 

POTENTIAL 1985 U.S. ENERGY PRODUCTION (MBPD) 



Resource « 



Energy Form 



Production Totals 



Coal: 



Coal'solids 
Pipeline quality SNG. 
Methanol ^ 
Synthetic crude 
Medium- Btu 



10.0 
0.8 
0. 3 
0. 3 
0. 3 



11.7 




Nuclear: Uranium- Plutonium ^ 8. 3 

Renewable: Hydroelectric 1.5 
/ Geothermarand all other , • 0.2 

Oil: Crudie oii^ — accelerated pro- 1.9 

^ ''duction and leasing 

Crude oil — additionaLknown 0.2 
fields ^ 

, C^^ide oil — accelerated ter- 0.8 
tiary recovery 
;^3rude oil— decline in 1973 (6. 0) 
\ fields 

(, Crude oil — production from ' 5. "5 

new fields . 
Crude oil— 1^3 pTroduction \\.8 



8. 3 
1.7 

12.' & 
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POTENTIAL 1985 U.S. ENERGY PRODUCTION (MBPD) — continued, 



Energy Form 



Synthetic crude 




Production 



0. 5 



2.5 



Totals 



Natural gas — abcelerated 

productljbn and leasing 
Natural gas— ibw-perniie^bil- 0.6 
ity sand 

N!feitui;^l Gais— . decline ik 1973 (7. 0() 

fields 1 \ \ 

Natural gas — production fi^om 6. 

new fields / 
Natural gas! — 1973 prodi^c-i 
tion ^ ^ 



0.5 



14.5 




49.2 



ake ffivailable \10 MBl^D of coal solids, 
liquids, and 15i. 6 MBPD. of gases in addition to 
nucleHar, hydroelectric, ^nd geothermal 



orce believes that its 1985 estimates 
ransitioh to higher production levels, 
economy and disj'ruptive relocations 
by this approach. # 
Simiilltaneous expansion of the various in- 
;create competitive interactions that are 
tes.' Shortage^ and bottlenecks might be 
jcpmpete\ for limited supplies of labor, equip- 
pbtition might not be adverse; competition 
have beneficial and. synergistic effects, 
fbr, meeting demand. 



rizes the ^rdjected U.S. energy demand 
jes made iniChapters 2 and 3. ' The histor- 
jts a continuation of the patterns of energy 
l>d^ 3 and reflects the former availability of 
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Future demand is expected ta fall below this historical projection as a con- 
sequence of increased energy costs. The table expresses a projection of 
demand resulting from an assumed oil price in terms of 1974 dollars of $7 
to $8 per barrel through 19ff5. , ^ 

. ^ ESTIMATED 1985 ENERGY DEMAND; (MBPD) 



Rreviously projected dem^d (Chapter 2) 


58 


L^ss savings fronfl conservation ^nd 


8^9 


improved efficiency (ChajJle.r. 3) 






\ • 

Net demand • t 


.49-50 



Aa noted in Chapter 3, there, are two basic categorie^s of , conservation 
measures. The„ first ie the "do-wLth-Ies|'' type, which included such vol- 
untary and ii),volunta'ry actions as rfeduded driving speeds,, lower thermostat 
settings in winter, use of public transport in place of personal cars, and re- 
duction of lijght bulb wattage. The secdnd category of condervafeiojpi involves 
some added capital investment and/or use of new technology by the consumer 
in view of th€ higher cost and reduced availability of certain energy forms. • 
Cojiservatibn of this' second type includes greater production of small auto- 
niobiles; more efficient energy utilization *in industry^ more efficient space 
heating, air coij^tjioning, and water heating in the re^^^idential and commer- 
cial sectors; ^nd construction of more extensive mass transportation systems 
and greater u^Vof car pools. To obtain more efficiency, more\ttention 
must be placed onHlie lifetime costs of industrial and consumer goodgf/ using 
energy. 




The effects of theB^concl category would be slow in coming,- buj<:^nce 
implemente^they would be^more or less permanent. On the other/Kiind, 
the effects of\he "do-with-leV^' category, while immediate,' may not per- 
sist yiri^di^irhte. At this point, tlte Task Force has little data on which to 
^base conservation trends for eithe^ category. In all likelihood, the^ result- 
ing effects from any.of the' above a^k deiiendent on both types of con^^rva- » 
tion and are strongly'interrelated. ^sed on present events and best judg- 
ment, the Task Force believes a reduct^ibn ,o£ 8 to 9 MBPD might be 
achieved from all conservation measures hy 1985. ^ ' 

One member of the Task Force believes \that on the basis of studies pei'- 
formed at the Environmenl^al Quality liaboraibory of the California Institute 
of Techno logy the reduction in deman<J^ould be as high as 12 MBPD by 1985. 



BALANCE OF SUPPLY AND DEMAND ^ ^ ' . ^ 

7 f ^ 

Task Forde estimates of potential supply are compared wit;h the-esti- 
mate of demand as reduced by conservation In Figure 4. While a summatior 
of the possible results from all of the programs discussed in previous chap- 
ters gives a total th^t would indicate the^'po s s ibility of reducing^'imports to a 
low level by about 1985 or possibly eliminating them, sucVi a conclusion mus 
be viewed with cautio/r and is likely to be mHsleadirig for the following rea- 
sons: - . ' 

' o It is unlikely J:hat all portions of all of the potential 
programs will be considered desirable in terms of cost, 
environmental effects, etc. 

,o It is unlikely tha^ alL'of those^ programs judged 
feasible and desirable would-be started iVnmediately (1974) 
as assumed. ' * 

o It is\mlikely that alVof'the programs initiated would 
be carried out successfully in t^rms of results, schedules, etc. 

o Some of the effects^of the "conservation ethic" would 
probably disappear if fehe prospects for continuing adequate Energy 
supplies improved. ' ' i 

o The requirements for carrying out aU^of the potential 
programs simultaneously may place unacceptable strains on capital, 
manpower^ water, materials, and the enviromnent. ' 
ft ' . ' ' 

It must al'so be stressed that all of the estima^tes used "have a very low 
degree of precision. This includes' the postulated increase in demand, in- 
Qluding likely reductions because of conservation incentives and increased 
prices, 'as well as the possible increases in supply for each of the types of 
energy covered. ^ ' 

^Wl;iite no Attempt has been made at any sort^of mathematical analysis, 
^ felt that the total by 1985 may be no more accurate than 1 iO percent, 
andrthe individual items ^may be 15 percent in error by that time. .,Thus, it 
is dlear that tlye estim'ates must be treated as "order of magnitude" at this 
stage. s ' ^ 

Even if the programs could all be accomplished successfully and there 
s^^P^^\^ of Energy produced in the Unitqd State^, it 'might not be in the 
forms most suitable for use, which would require import of enei'gy in some 
fo rms and provide an opportunity for coal exports. 

These contingencies and impre cis ion's n^ust certainly be taken into 
account in arriving at de cis ion^s-^a^a to what is a prudent program to be ini- 
tiated in 1974.^ 1^ ^ ^ V 

A consideration of the^e potential rates of production by the end of 
1985 rfeveals that the liquid hydro carboivp^oduction, including shale, of 

•^89 ^i • 
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FIGURE -4 POSSIBLE U.S. ENERGY SUPPLY 'AND DEMAND 
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1 BARREL OF OIL EQUIVALENT = 5,800,000 BTU ' 
DEMAND INCLUDES EXPORTS 




198§ POTENTIAL DOMESTIC SUPPLY " 49.2 ± 



\^0 



,yl\0^ ^^O^^SI?'^'^ RENEWABLES 1.7 



1973 TOTAL SUPPLY 
37.2 





NUCLEAR 8.3 



GAS 12.4 



10 



OIL 16.2 




sNUCLEAR'^PlUS , 
RENEWABLE 1.8 



COAL 10.0 




GAS 15.6 



SHALE OIL 0.5 



*Linies Were ^fawn slanted to 
showXthe effiBct of a ±10% 
uncertamty. Quantities 
indicated ere mean values. 
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about 13.6 MBPD Is significantly lowiM* tlum the liquid hydrocarbon eonsuni|>- 
tton m 19?.i, about li).2 MliPL). vSinre tho unrestrained preference for enerj^y 
in the fortn of liquid fuels would surejy increase over thls^ j>enLod, the follow- 
ing points are significant: 

o Imports of a few MBPD of oil will probably stilTbe - 
required in 198^ even if the programs outlined are pursued ; . ^ . , 

and are g*oneralIy successful. ! * ' 

'o Highest priority consideration should be given to 
those possible programs for reducing consumption of liquid 
hydrocarbons or switching present uses to other sources of 
energy, esgrecially coal and nuclear energy. In particular, 
the programs deserving of maximum attention appear to be: 



— Reduction of4iquid fuel uses by aiitos, 
trucks, buses, and aircraft. / ^ 

-Maximum use of coal and nuclear power 
productiori with minimum use of oil (or gas) 
in existing power generating ^^ations. 

— Conversion of industr ial'heating to coal 
instead of oil where feas 

o Highest priority consideration sho^fld be given to 
possible progr.ams for increasing the production of liquid 
.fuels, with the /oUowing the most important: 

— Increased explo'ration, development, 
and productio^n of ^pil (and gas) from do- 
mestic resource^. 

— Use of oil shale to the extent possible ^ 
in view of environmental and water con- 
straints. ' '^^ 

-Rapid developm.ent of coal liquefaction 
for possible large-scale use in the latter 
1980's if i^Bcessary. 

^ To the extent that suhstitutions cannot be made for 
oil (and gas), aiic^ that either imports or additional domestic 
production are Reeded instead, the requirements for use of 
coal or nuclea^ power will be reduce'd. Thus 1 MBPD of oil 
♦ fronj eitljer source would reduce the requirements for coal^ 
by aBout 100 /MTPY, or the required nuclear capaaity by 
36 Gwe. , // 
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Kvon if the liquid fuel demand could be balanced to niatch ti-\e domestic 
Liquid fuel supply, some level of importation may well be desirable, if and 
when consistent with foreign policy and natioijial security. Reasons for impoiv^s 
iiiight include doi^iiestic , resource conservation, world trade balance, :^ind eca->^ 
nomicsj. Froni'an economic viewpoint, it would seem desirable to keep do- 
niestic fuel pric^es frofn becoming, too insulated from world nmrket prices. 

LEAD TIMES ' - 

One ot.the most difficult probleiiis that must be faced in such a domes- 
tic exp£^,nsion program is the very sizeable lead times required to accomplish 
significant plant installations. Typically, new plant lead times (go-ahead to 
beneficial operation) being experienced today are as^oUows \ 



TYPICAL 1973 OVERALL PROJECT TIMES 
, (from go-ahead to production) 



Type of Facility 



YeaKS 



Coal-fired power plant 


' .5- 


8 


Surface coal mine 


f ' 2- 


4- 


'Underground cpal mine 


- '3- 


5 


Uranium exploration and mine ' 


7- 


10 


'^Nuclear power.^plant 


9- 


10 


Hydroelectric d^m 


/ " 5- 


8 


.--Produce oil and gas from new fields 


' 3- 


10 


Produce. oil and gas from old fields 


1- 


3 t 



Material and equipment lead times are a major facttnvin schedules. ^ 
Most equipment usually is not purchased until plant de^n is well underway, 

^ approvals o^ained, and sites acquired. Vendors thenJmust order materials 
from suppliers and fit the equipment orders into the mani^f actur ing backlog 
schedule. Suppliers, in turn, miusf order the raw materials fromv^^He pri- 
mary mills to meet the-design specifications. . ' 

Prior to the imposition of the oil embargo, m^'terial and^ equipment 
lead times were already long and were becoming longer in most cases as 
new plant orders increased during 1972-1973. ■ Since last November, the. 
steer mills supplying sheet, tubular products, and rolled shapes have been 

, supplying distributors on an allocation basis. The result is that lead times 
have extended considerably because of mal-ket instabilitie s: and shortages of 
raw materials. Indeed, if steel production capacity is 4iot expanded rapidly, 
beginning immediately, the goals outHned in this report* could probably not 
be attaint. - ' 
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Procurement lead time is defined as tljie time from the dat(^ of placing 
a purchase order, together with e,ssential information to enable manufactur- 
ers to proceed with their equipment engineering and manufacturing, to the 
date when the completed product is ready for ship'i-pent to the construction 
site. The time required for approval of v^endor drawings and transmission * 
of these to the plant engineer -constructor is included. ^ - 

To these lead times must be added the time , required for vpndors to pre 
pare quotations in response to inquir ie from the engineer-constructor. 
These typically rtm from 2 to 8 weeks. Time to perform-an engineering and 
commercial analysis of bids received also must be allowed in order to forr^n 
the basis ol selection of award,' and these will run anywhere from 2 to 12/ 
wee'ks, depending on the magnitude, the complexity, and the necessary ^ap- 
provals. In addition, more time must be added to allow for transpor ta^tip^ to 
the site. Following all of this, the installation or "^erection times m^st be 
added plus testing, checkout, and start-up. 

All of this procurerr^ent process must be preceded by the^verall plant 
systems design engineering, equipmient specification yNrxtxp^g^ and material 
requisition preparation. For nuclear equipment, there iR/usually another 25 
to 50 weeks added, fallowing placement of purchase ord^s to allow for formal 
review pf procedures, drawings, AEC review, and^pprovals before the 
equipment supplier's engineering can be complete'd. Furthermore, an addi- 
tional 3 to 4 weeks'for obtaining bids pnust b^^Uowed for procurement of 
equipment from .Canada, Japan, Australia^-^Europe, and the United Kingdom. 



INTERIM SUPPLY AND DEMAND TRENDS 

^ ' " ' * 

In previou"^ sections, e/tergy supply and demand were discussed in 
terms of 1973 and 1985. Ai^y 'solutions to our enei'gy problems must also 
give careful consideratkm to the interim trends in both supply and demand. 
It has been noted thatyit takeg time to develop and build new production 
facilities. Many se^qu^ntial time steps are necessary from a go-ahead de- 
(pision to actual production. With the exception of the electrical power 
sector, domest:|c e^nergy facifities have not expanded during the past few 
years. The nMion is now attempting to bring about an upwarci trend in the 
supply area//but it will take time to overcome the inertia. 

Beca<ise of these tim^ factors, the qualitative suipply-derhand trends 
for the future will be simil^ar to those shown, in Figure d. The shape bf.the 
domestic/energy supply , curve appears certain to remain fl^Oor the next 
several/years, rising steeply only when the major new sources of energy \ 
are bi/ought into production.. • , ^ 

/On t*he other hand, the demand curve will tend to increase linearly, if 
not^x;^onentially, and the reductions ^re suiting from a combination of the 
" ccjnservation ethi^ei^L and higher prices are likely to be constant or perhaps 
/opor^ional to the tot^l demand. The effect-on demand from technical 
iprovements, smaller cars, etc., will tend to increase more rapidly. , 

■ , • ' \ ; ' 
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' FIGURE 5 'qualitative SUPPLY /DEMAND TRENDS 
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in later years and converge on the increased domestic 'supplies. 

While it is not possible to quantify these trends with any precision on 
the basis of information now available^ it wguld^ appear that near -term im- 
ports will need to rise to a-LeveL af 8 to 9 MBPD by 1977-1978 to meet the , 
overall demand in this time period. 

Following' this peak, it should be possible to gradually reduce imports 
to the few MBPD that , may be needed to satisfy Liquid h,>sdro carbon demands 
^n excess of domestic .production capabilities.' ' . ? " » 

More study of this interim period is desirable; but it appiears that 
planning, at Least as visualized now, mu^t be based on imports increasing 
to a Level above -mid- 1973 LeveLs during the 1975-1980 period. 

CAPLTAL REQUIREMENTS 

■\ - ■ 

' Capital Demand . . ■ >^ . ' - , , ' 

The capital requirements of the energy industry are increasing^aster 
than the growth in the consumption of energy and, in turn, faster ^han the - " 
growth in the domestic economy. The capital requirements of tL>e energy 
industry are also growing faster than the nation' s savings,. .The decade of' 
the '1960's saw a declining capital requiremen^t per unit of energy output, 
particuLarLy as Middle |:ast oil was deveLoped and as technological advances 
resuLted in economies of Scale, especially in ^electrical generation. 

There are, three basic reasons for the increased capital demand by , * 
the energy inddstry: . * . ' 

o The dejnand for energy has been increasing at a ' ^ ^ / 

rate greater than the increase in overall economic activity 
as measured by GJSTP. . • \ 

o More distant and difficult ^energy resources are /. 
being developed. Oil and gas w-eLLs are being drilled 
deepel- and in more remote areas, the Arctic and offshore 
areas are being deveLoped, and higher capital cost nuclear ' 
power plants- are being substTtuted for fossil fueL })0wer 
* pLants. ' * y 

' o Finally,* inflation increases the cost of aLl goods ^ 
and materials necessary for the developrpent of -energy 
resoiQrces. , " " . \ 

The impact of inflation on energy development merits careful consid-' 
eration. Inflation will increase capital requirements, but it alpo willbin- 
cre,ase 4npom^s, and the'refor e savings — up to a point. ^ Beybhd.a certain 
^ rate of inflation, savings will begin to diminish. Until this point is r.eached, 
however, increases in capital requirements resulting from inflation will be 
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matched by increase's in savings available for investment. Therefore, the 
difficulty of raising capital should not be significantly increased, bv inflation, 
"unless inflation gets out of hand. Special circumstances in the energy in- 
dustry must be reco^ized, however; for example, individual companies may 
not be able tc^kee'p pace with funding requirements by increasing prices. 

^ Vn considering each sector of the energy industry some of the primary 
considerations affectin^fche capital requirements sK^uld be noted, though it 
should be recognij^d that all sectors of the energy industry are interrelated. 
Thus,, a^decline in output of one source of energy will be made up, at least 
. in part, by an increase in the output of an alternate source.^ Capital require- 
ments would shift accordingly. These requir ements^dre summarized in the 
following table. 

r ' ' - ^'GUESSTIMATED" U.S., PRODU CTION FACILITY 
. CAPITAL REQUIREMENTS- (billion $) , 

(1974-1985' Incremental Production) / ' r 

' ^ ]fe^ , 

• ^ Oil and gas . " 160-200' 

' Uranium ^ 11 -,14 
, Coal ^ ' 

> < Solid * 18-24 

Synthetics . 16-22^ 

Shale^i . - 3-5 < ' 

Powe/ supply . * • ' 

'■^ I^uclQar generation 9^^-110 \ ^ , 

' FossiJ,^ renewable generation ^60-70 

Transmission 4- distr ibut^iof^ ' 135-165 

■ \- • - ^ - ^ 

Total (Rbunded) ' ^ 490-610 . " 

— F A ^ ' o 

The above capital re<juir ements represent the amount of investment' 
(in 1973-1974 dollars) necessary*^ provide facilit:ies and do not include 
money required for working' capital, divide'nd, debt service, or other 
financial needs. Government R&D programs and production facilities 
(ei, g. , uranium enrichment^- ar e also not included. . . 

Oil and Gas ■ " - 

At present the major source^^f energy in the Ujnited States are . 
petroleum and natural gas. Having reached this po^sj^on of preemineni^e 
within the last decade, these will likely continue as the major energy 
sources at least to 1985. The demand for^^oil probably , will increase pro- 
vided that adequate supplies are available. ^..It will take major amounts of 
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capital investme^nt to reve;rse the present downtrend of dbm.estic production. 

In petroleum production, capital requir^ements per unit of output de- 
clined during the 1960's as lower cost Middle East resources were developed. 
Thd capital required to^bring'new areas of production on-stream will be sig- 
nifi^ntly higher. In^the United States, where capital requirements have . 
recer^ly averaged about $100,000 per well, ^xpenditur.es per well will reach 
i^ito the million^ of dollars for North Sl^pe development. In offshore work, 
platforms for oil producing will cost tens of milUans of dollars each. 
.Despite these increasijig production costis, the drilling rate must be in- * 
-creased at least. in proportion to our increasing rhte of consumption. Addi- 
tibhally, downstream" facilities , such a,s pi-pelines and .refineries, .'will in- 
.crease in^capital cost per unit of output. Pipeline s^ and shipping and other 
modes of transportation increa'se In cost as the d'nvironment becomes more 
hostile and the distance^^ be come lofiger. Refinery capital costs increase as 
environmental^regulations become *mo2;e stringent. 

' As with oil, increased domestic production"facilitie s for natural gas 
will require ii^creasing capital expenditures. Capital inve stment will in- 
crease as more distant and difficult resources are developed, requiring in- 
"creased capital expenditure in transmission and distribution facilities"."' 

A review of all the facilities necessary to supply our oil and gas needs 
between 19J4 and 1985 indicates-that the capital requirements would be on 
the'j:)rder of $200 billion. This represents an average annual expenditure 
rate almost thtee times greater than in 1970'. 

j> Uranium 




Nuclear power generation represents the fastest growing ^uppjy of 
energy, ^ith the result that the capital requireci--lor uraniurrk/extractiori and • 
^)rocessing, while relatively modest, w^ill show the greatest growth rate. 
Currently, nuclear ^eriergy ts>4D^sed on use of artificially enriched uranium; 
and it does not appear likely that^other^our ces of nXiclear energy (e.g.', 
breeders,, fusion) wilPb^e cornmer cially tlSveloped until well after 1985. 

The current financing requirements 'for the uranium ^industry are sub- 
stantial enough. Uranium mihing anc^gtnilling facilitiea, mostly developed 
for defense-'purposes, will soon have to be greatly expanded to meet the 
demand for nuclear power. Uranium enrichment, currently a government 
monopoly under the AEC, Will have to be gl-eatly expanded to" meet'civilian - 
needs. Uranium! enrichment is likely to enierge as an. entirely new .private 
industry with a capitalization of at least $5 billion by 1985, where no such 
private industry exists today. ' Fuel fabrication and reprocessing facilities 
also will be requir,ed. < 

SuAi developments in the past haVe not made ^ large demands on private ^ 
. capital markets, but between 1974 and 1985, some $13 billion could be re- 
quired by the nuclear industry,' not including cost of the nuclear power plants. - 

i ' ■ * ' 
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Coal ^ V s 

J 

Coal is America' s most abundant fuel JPes6urce and the least capital 
intensive. Witfi the increasing difficulty of obtaining petroleum and gas sup- \ 
pliesi development of coal will be receiving increased attention. Estimates 
of $10 or even $20 per ton per year to develop a new mine seem small. How- 
,,ever, when the projected increas'^in coal demand of about 660 million tons 
, is considered, which is aboift equal to current production, together with 'the ^ 
associated transportation facilities, the estimated coital to be invested iji 
the development of coal resources between 1974 and 1^^ would be about 
$23 billion,, or more than $2 billion per year. This represents about five 
times the $430 million ihvested in 1970. ' ' " 

To this point only th-^ capital Requirements for production and tra.ns- 
portation^of solid washed "coal have been considered. To these must be added 
the requirements for the anticipated coal-based synthetics industry, ati in- 
vestment comparable to that required fo,r coal production and transportation. 

Electric Utility * ' 



Consumption of electricity has grown histo:Pically at about 7^ percent 
per year, or aBout 3 million kilowatts in electric-generating capacity per 
year. Even if th# growth rate declines somewhat In response to^conserva- 
tjlan^measures and the increasing cost of energy, the capacity increases 
necessary to meet our demands will be larg^. Currently, the capital re- ' 
quired to develop) a kilowatt of capacity ranges from $200 to $500, depending 
on the type of facility, location, and other factory. Ijpcluding the capital re-"" 
quired for transmission and 'distribution, an estifnatedn$350 billion will be 
will b^ needed by the electric utility industry .between now and 1985, This 
represenfsVn annual rate of expenditure of aver $?0 billion; more tha^ 
triple, the $ig billion invested in 1970. 

^ ' Total . 

The total capital requirements for the more readily identifiabte por- 
' tions of the expansion of domes^tic energy Industry facilities are in the range 
^ of $490 to $610 billion as shown in the tabje on page 96. ^To this, must be 

Added the costs of the not so readily identifiable infrastructure (e,g,, rail- 
' roads, stprage /facilities, etc. that is still'an essential part of the energy ' 
industry. The cost pf this infrastructure niight atid up to^20 perce^xt to Ihe/ 
costs given in the above table. The bverair totaJL^costs of We suggested pro- 
gram' therefore could approach $700 billion. This cost cojvei^s only the 
facilities to be in place, between fiow and the end of 1985, While the tot^" > 
includes the capital req-^iremerits for . fac^^litie^s already underway and largely 
financed; it does not include the capital for facilities that must be initiated 
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before 1985 but which would not come into us^intil after^ 1985. Therefore, 
the actual capital requirements during this period could be significantly- 
greater 'than those indicated. 

The* figure of $700 billion worries out to be an average annual- expendi- 
ture on the order of $60 billion. For a perspective, this rate ban be com- 
pared with the total investment in industrial plant and equipment in 1970, 
for all purpo^e^ of about $100 billion; to the total net funds raised in the 
money and capital markets this past year of $211 billion; and to the sum of 
personal savings and retained corporate earnings in 1972 of about $80 bil- 
lion. While the financial requirement of $60 billion per year is large, with"" 
adequate revenues the energy industry should be'^able to attract the neces- 
sary capital rce sources- for the additional energy facilities. 

w'ater 

There has beenHncreasing concern over water use, . particjalar ly in the 
Western United States. Typical of thi^ concern is the newly enacted legisla- 
tion in the State of Montana, which imposes a 3-year moratorium on wat^r 
allocations out of the Yello^;^one River' basin. There can be no dpubt that 
a careful assessment must be'made for all water use in areas where^the ^ 
usable supply is likely to be fully all9cated in the future. S^c*h an assess- 
ment does not automatically preclude new development of energy resources. 
It caay, . hqwever , require some trade-offs among potentially competing uses 
of potable surface waters. ^ 

* One source of w^ter not in, use at the present time, but which may be 
developed to support energy programs, is non-potable subterranean wat€r. 
Indeed', one of the development challenges existing in the oil-shale-rich 
Piceance Basin of Colorado is the^presencef of saline water aquifers that lie 
in and above the oil shale beds. This water could supply part of the "pro- 
cess water" needs of an oil shale extraction project. Using current desalini 
zation technology, fresh water could be produced from these saline waters 
at a relatively high cost of about $200 per acre-foot. Unless the nonpotable 
water'fe can be exploited in this way, certain areaa may be precluded from 
energy conver^sion activities, - ^ 

*A 1973 study entitled "Rehabilitation Potential of Western Coal Lands" 
by the Na,tional Research Council of NAS/NAE found that water may in- ^ 
deed he a. limiting factor in the exploitation of western coal in certs^in areas. 
The following summary is quoted from tftat report: 

The shortag,e 'of water is a> masjor factor in planning for future 
development of caal .te sjerve s in the American West. Although 
we conclude that enough water is available for mining and re- » 
4 ^ habilitation 'ttt naost sites, not enough water exists for large- 
scale conversion o'f coal to other energy fofms (e.g., gasifica- ^ 
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tion or steam electric power). The potential environmental* , 
. and social aspects of the use of this water for large-scale 
energy convergpion projects would exc^d by far the< antici- 
pated impact of mining alone. Wie recommend that alternative 
locations be considered for energy conversion faqilities- and- * ^ . 
' * that adequate -evaluations be made of the options' (including re- 
habilitation) for^he various local uses of the ^^ilable water. ' 
■*'"<,. - ' , * ■ ' 

Therefo*Ve, water use planning will be essential for the ^oductton of . 
oil from shale or gas from coal. The mining operations should, in general, 

because of the great bulk of rock involved. * \ ' 

\ ^^^'^ respect to coal, water for conversion to gas rbay "^e available in 
sorVife locations, and in other places it^may.lDqe possibte'ld ]^rchase existing 
water rights because of the. higher economic advantage of th^^ '^^e. 'Kfow- ^ 
ever, Implications for the existing social and\conomic .str.uctM;re, which is 
based largely on irrigation, must considered. In many instances, m'ined 
^poa^iwill need to be iW^ipped in solid d^f slurry form for conversion at sites 
here water is more abundant.- . . • ^ . * 

Midwestern and eastern states also have substahtial coal reserves, 
although g^neraliy of higher qost per Btu than west6«*n coal. Many of the's^ 
midwestern and eastej?n locations %ave ample water available for conver- 
sion, ,but they have the problem of legally assuring water availability for' 
consumptive use under their, prevaiiing riparian laws. It is generally be- 
lieved that these states will need to enact water permit law^ tha^t. can give 
assurance of watei; availability. , . *^ • 

In summary, <the Task Force concludes tftat overall water availal^ility, 
while a^^serious '<:oncern, should not detlr 'the developnlent of oil from shale ' 
or gas from coal in the production amounts fore<:asf^as being possible by 
1985. In the West it may.be necessary to employ alternative process cool- 
ing .method's, and, in many instances, it may be necessary to ex^^rt the 
coal to eastern locations where water is availably. Within this qver^ll as- ' 
sessm^nt, site investigations will n^ed tp be conducted on a cas'e-jDV-cas'e ' 
basis. . ^ * 



MANPOWER 



The Task Force was unable ^o find any carefully prepared manpower- * 
estimates relating specifically to the energy industries; fhe'I973 data are 
based on Bureau of Labor Statistics information and, in sohie -cases, in- 
elude unpublished Bureau adjustment. The projefctions are ba^ed on Task 
Force estimates ofpossible increases by supply sector and projected trends 
in -productivity. TK^purppsei^'of the data, however, is not t6 produce pre- ^ 
cise estimates of manpower ret}uirements, but.r.ather. to highlight areas' ' / 
where shortages are likely^ to occur. 
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There are three areas o£ likely shortages. Within the energ'y indus- 
tries, it is likely that only coal-min/srs might be in short supply during the 
'period. In the other operating industries, productivity trends appear likely 
to keep the |lncreases in requitementfe within reasonable bounds. Other areas 
where serious shortages are likely to occur are in all^classes of engineering 
personnel and all classes of skilled construction craftsmen. The following 
parts, of this section will cover each of these areas". 

The estimates for operating industries are summarize^i^ in the follow- 



ing table: ' ' ^ ' 

ESTIMATED TOTA-L OPERATING MANPOWER REQUIREMENTS 

^ / ^ j ^ 

' " 1973 1985' ^ Additions 

Industry^' ' • Population^ Population . • -1 974- 1 98-5 

— ^ ^ , 

Oil and gas . - ^ 456,000 495, 000 ^ 39, 000 

" 'Coal mihing , ' * • 165,000 290,000, • * 125,000 

^ Pow^k?- generation • 710, 000 755, 000 ^^ -45,000 

Shal^.*and) synM^^tics lp,OO^Or / 10,000 

Energy transportatWu^ 76, 000 8e,.OOo'^'^ € 10,000 

■ C'f^-"-^ ^ , *— \ ^ -^^^ . 

^ Total (priniary only) ' A^^ 1,407,000 i, 636.,,000 ^ / 239, Ot)0 



coal, annual output per man increased frofri 2~, 23_0 tons in I960 to- ' 
, 140 in 1970, and the nj^e coined to" 3, 420 in 1973. As suming an increase 
in productivity-to 4,000 tti 1985, ^pl6yment would increase tp 290,000 if 
the Task E:pr:ce gqal of Jl. 7 MBPD equivalent is met in 1985. This figure 
•is likely to. be; high if western surface coal operations result in much higher 
than the 4, OOO-ton^ per man level of productivity and if mine mechanization 
.offsets*the lower productivity that has accompanied recent Occupational 
Safety and He^alth Act rulings. . ^ \ ^ 

In oil and gas there are two Wategorids, crude production and petroleum 
^^oductF manufacturing.. *^rodvr^ivity increases have been quite sharp in 
^both categories. From- I960 to 1973, productivity increased by more than 
50 percent in'crude prt)duction. f This increase was ^due rnainly to larger- 
scale productiorv facilities, automated process contitol,^ and improved tech- 
^nc^iogy. Further incredlse in productivity is not likely since most. added 
production \yijl be from deeper wells, a greater proportiojj of offshore wells 
in deep^i^jsTciter , and will involve increased environmental protection rrieas* 
ures. For the estimated 27 JVfBPp of oil and equivalents, the Task Foj-ce 
projects that 330, 000 employees i^ill be required by 1985. For petroleum 
products manufacturing, produqtivity gains hav^ been even more favorable 
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and, based on Bureau of Labor Statistics and Federal Reserve Board figures 
increased by almost 90 percent in the I960 lo 1973 period-^ As .with' crude- 
oil and gas production, the future does not offer further significant produc- 
tiv^y gains. The Task Force estimate for petroleum products manufacturing 
lot 1985 is about.^65, 000 employees. - . - - 

Employment in the electric, gas, and steam utility industries has re- 
mained essentially constant, increasing at less^lhan 1/2 percent per year 
in the face of an approximate 7 percent increase in output. Assuming^that 
this trend^continues, employment should increase slightly from 710, 000 to 
755, OCfo4»y 1985. " ** 

' Engineer s * * ^ 

The ability to expand the energy induTstries will (depend heavily on* the 
numbers-, qualif icat^ions, and capabilities of engineers, designer s,- techni- 
cians, and project managers. Qualified engineers are in short supply' now, 
and^he situation will worsen in the years afiead. , The following talkie sum- 
marize*s the increase in requirements expected in the opei*ating industries 
as well as tja^e engineering- construction industry by 1980. The year 19^80 
was selected because most of the engineering activity would have to be under- 
way by 1980, if the faciittte-e ^dj^cus sed in this report are to be in operation 
by .1985. The estimates indicate that a 40 percenf; increase will be re- 
quired by 1^80. These estimates wgre derived by applying ratios of'engi'- 
neers to the total , employee population for each of the operating industries. 
For 1980, the ratios,^were projected by the Bureau Labor Statistics a-nd 
were based on a continuation of the trend toward a greater percentage of 
engineers m the employee population. It should, be emphasized that these 
are rough, estimates and only indicate t^-is^^nd^in requirements. 

ESTII^aI'ED ENGIISIEERING^MANPOWER IN ENERGY INDUSTRY ' 
' (Total Including Construction) 

' •/ ' . ■ •■ • 





1973 


'l980 . 


Discipline 


Population 


^^pulation 


Civil 


- 1 5, '640 ' 


24, 350 


Mechanical 


17,320 


26, 350 


Electrical g 


26,"llO^ 


34, 94d' 


Mining 


" 7, 920 ^ ' 


9, 830 ■ 


Chemical 


7,410 

s 


9,240 


Total (Primary only) 


74, 400 


104, 700 
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The outlopk for^the supply of engineers must be tempered by the fact 
at enrollment in engineering schools is'^ not keeping up with industry' re - 
.lireinents. The class entering college in 1972 iva's the smallest in 20 
years. ' ^ > ^ 

The situation may be improved'by transfers of engineer s ^rom fields 
outside the energy industries. The engineers employed by the energy in- 
dustries are less than 10 percent of total U.S. engineering employment. ' 
-All engineering curricjula c6ntain the^ fundamentals of physical aciences and 
applications of engineering methods to spec if ix: problems. Even though an 
engineer was graduated in civil or mechanical engineering, a special- train- 
ing program of hot moref than 6 months would pr0^e hi\n to undertake 
petroleum or mining engineering work. With engineers in short supply now 
and no relief in sight, special training and reorganization of engineering 
assignments would be needed to' accomplish the design engineering work, re- 
quired in the next, few^year s to achieve the on-line , capacities estimated* for 
1985. The alternative is simply not -being able to achieve auqh levels. 



. Construction Craftsmen w 
' ' \ 

The following table includes a set of estimates of the skilled construc- 
tion workers required in the ''industrial" construction areas. Industrial con- 
struction ior this purpose includes si|ph facilities as oiFrefiner ies, metal- 
lurgical process plants, syngas and liquid natural gas (LNG) facilities ; 
major pipelines^ and similar projects. Comimon to these industr ial. facili«- 
ties is the ^^mployment of a similar mix of construction craftsmen such as 
pipefitters, welders, electricians, and boilermaker^s. The estimates indi- 
cate that requirements for these craftsmen may more. than double in the 
. ' next 12 years. While these numbe:^s may hi hi^h, tliey indicate that tlie 
increasing requirements will be a serious problem, even if the estimate is 
off -by as much as 20 percent. ' 

ESTIMATE OF SKILLED CONSTRUCTION WORKERS* REQUIRED * 



Trade 



Ele ctr icians 
Pipefitters 
Bo ile rmaker ^ 
La'^b orders 

Operating engineers 



Total 




1973 ■ 


1985 


Additions 




26, 000 
4;, 000 
19", 000 ': 
• 53, 000 
10, 000 


65, 000 '*' . 
91,000 
^2,000 °- 
-139,000 
24, 000 . 


39,000 
50,000 
3, 000 
86,000 
♦14, 000 


♦ 


14<^*000 


341, 000 


192, 000 
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The seriousness of the problem is underscored by the slow increase m 
the* membership of building trade unio?is of the AFL-CIO^ the major sour\ce 
of skilled craftsmen for^'the industrial construction sector, Th.e data in the 
following table were relea'sed by the AFL-CIO in October 1973. The/y indi- 
cate 'that even in the fastest growing union, electrical workers, the increase 
is less than 3 percent per year compounded annually. These figures include 
c^raftsmen In construction areas other than the industrialr category, and they^' 
include a large number of craftsmen in manufacturing industries such as 
electrical manufacturing' anci pipe fabricatipn. The workiers in the "indus- 
trial" construction category constitute less than 10 perceht,of the .total in 
the specified crafts. There is some inferchangeability between these occu- 
pations and industrial construction, but it probably, would be in skiffle lent to 
prdvide more than minor relief to the anticipated shortage, ^ * 

BUILDING TRADES MEMBERSHIP 



1965 



1973 



Percent increase 

























? 


Boilermakers 


- 108, OCft)-''^ 


115, 


000 


6.5 




' Electrical workers 


616, 000 . 


779, 


000 


26 




Ironworker s 


132, 000 . 


160, 


000 ^ ' 


21 




. "Laborers 


4Cr3, 000 


475, 


000 ' 


. 17 




Pipefitters and plumbers 


217,000 


228, 


000 


5 




Operating engineers 


270, 000. 

• 


' 300, 


00-0 


11' 




Total 


1, 746, 000 


2^, 117, 


600 


• 21 





Numbers of workers and traijiing are only part of the problem of work- 
er availability. Mobility of *labor , particularly in the •construction' trade s , 
has been lessening in recent years. The r'equire'd incentives ^pr'people to 
relocate will undoubtedly ii?^>ease, with resultant increases in co.st. 

Two final points, perhaps, should be made. First, no disV^ussion of 
man|)Ower can be complete without a discussion of productivity. There ,has 
been a serious Recline in, building construction labor produ<iti,vity in recent ^ 
years, and this has been the topic of many discussions on union work rulers. 
Some imethod of reversing such trenHs must be found. , 

The second point is that this country is, dependent on energy arid pro- 
ductive machines to maintain competitive status in world markets and to 
provide jobs for an^ expanding labor force. To continue to supply thte in- 
dustrial-economy with its energy neeas, ^he energy industry must be. able 
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to attract aTlarge share of the most talented people^from our universities. 
Current enrollment statistics indicate a trend away from the disciplines 
mpst needed 'in the energy industries. Whatever thor c^use of this situa- 
tion/ steps must be taken to provide these people with greater personal 
satisfaction fro^m a career in these industries, and an understanding of the 
great benefits to all pf §Qciety that such careers provide. ' - ' 

The Task .Force believes that critical shortages can'be avoided if 
programs by §ducators and industry are begun now with appropriate govern- 
ment assistargc.e. These programs should include elements along the fol- 
4o\Ving Mnes'; 

. \ . ' 

o Increas-e mechanization of underground „coal^mines so I . 
as to upgrade the quality of jobs from unskilled and semiskilled 
to skilTed work. ' ' 

o Increase the enrollment of students in engineering * 
schools. A variety^ oLprograms must be developed for .the • * 
motivation and guidance of students into the ertgi/ieering pro- • 
fession. •< ^ 

o ICstablish program s.,:to retrain an^ transfer engineers 
from occupatjons where demancf is declining to Occupations, in 
the energy industries. * • • . • 

() Work with the" building trades to increase membership 
in apprentice programs and shorten the apprentice time period. 
Programs such as this have t?een very successful when establisFied 
hy the United Association of Pluriibers and Pipefitter^=,^nd industry- 
groups. ' J , . , . . ' ^ ' 

o Provide, training programs for craftsmen in'manufactur - j 
ing industries and nonindustrial construction to upgrade their skills ' 
for industrial construction work, " "• 



ENVIRONMENT 



^ 



Extraction of dt)mestic energy reso-urces and conversion to useful 
forms will have implications for the envirqnment. These cap be .damaging 
and disruptive if care iC* not taken. Environmental impact must be gon- 
sidered in choosing -among alternative methods, for attaining the Nation's 
energy goals.. _ In many instances,' no alternktives may\e ^available to 
a.Void some deieter<ious effects, and difficult prior ity decisions will have" to 
be made. For the most part, liowever, the Task Force believes that with 
diligent care, a healthy enviromnent can be assured at a cost t,he Nation 
can afford. ^ ' , - ' / ' . ' 

In surface, mining of coal, land reclamation is a growing environ- 
mental concern. Similar concerns apply to the recovery of oil from s"ha\e ' 
by surface retorting methods. Expanded offshore -drilling for oil and gas 
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and ocean-bottom pipelines may bring problems of oil leaks. Such risks must 
be considered along with those of the continued use of supertankers for the 
. importation of oil. Nuclear power plants.- pose problems of safety and waste 
disposal, and these must be dealt with". * . ' , 

■ ■ ■ -')' ' 

-. Atmospheric Sulfur Dioxide '.and Particulates 

. ' ^.^ ) 

Recent improvements in urban air quality have resulted from' the in- 
creased use of cleaner burning fuels. Construction of a significant number 
'of new coal-burning power plants could rever§e this tr^nd unless adequate 
low- sulfur coal is. used or unless reliable stack gas SO^^ removal equipment 
- is Employed. 

^ Control of particulates by ji^ecipitator s is an .established technology. 

By contrast, stack gas desulfurizati^on has not been demonstrated to be re^- 
liable on a commercial scale. /-xViere do not appear to be any basic scientific 
' or engineering barriers to uLtima^te success, and the Ta^k Forie believes 
that reliable processes could'Se available within a few years, given adequate 
support and ^demonstration testipg. In the meantime, temporary variances 
or changes in regulations dould be made for locations where the public 
health is 'not endangered. ' 

1 Automobile Emis;^ioris ^ 

Automobile emissions are controlled by the provisions of the CleanJAir 
^Act of 1970. Contrql o'f emissions involves efthej* the use of expensive cata- 
*'^yt^c converters or a/lO to 15 p^cent direct fuel consumption penalty, ^ The 
remov^l of lead frpr^h gasoline presently "involves additional consumption 
penalties. ^ . ' 

There is a belief today, in some quarters that the Clean Air A/ct should 
be amended to reflect the new cost-benefit -information that has been devel- 
oped in th| past 4 years. The Tas^k f^or ce take s no position on this difficult 
policy quG.6tion. ^However , ^^|hejy;jOi^s i^ of the law^as it now^stands seems 
likely to irt crease the consam^ptidn of'liquid fuels. It is clear ,neverthele ss, 
that an increasing percentage of sm^aller, lightweight, low-horsepower cars 
will have a major beneficial' impact on both energy demand levels and atmos- 
pheric pollution levels^.. , 

Studies now being carried cJu^t indicate that the best likely course may 
be to |ioId automobile exhaust emission standards at values of 0.4 gram per 
mile for hydroqarbons, approximately 5 to 6 grams per mile for 'carbon 
' monoxide, and no less than 1. 5 grams per mile for nitrogen oxides. It* 
would appear that these standards can be met by 1976 without significant 
penalties c5n fuel economy. ^ \ . ' * . 

* A combination of market forclS^s and feder aXlegislation could drive the 
U.S. auto industry toward smaller, lighter,- and more efficient vehicles. * 
Thus, a combined auto emission/fuel econpmy strategy- is considered an 
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essential part of^any overall energy program over the next 10 years. 
Land Reclamation 

■ ^ ' 

As discussed in Chapter 4, coal and its synthetic gases and liquids 
prpbalfly will play an increasingly important role in providing our hydro- 
carbon needs in the 1980's and beyond. This liaises the difficult environ- 
mental iss\ae of coal mine land reclamation, and the problem of the disposal 
of solid and liquid residual nroducts, such as sulfUr, from gasification ancj 
liquefaction plants. . " 

Experience in West Germany has demonstrated that in temperate clim- 
ates top soil can be" removed, set aside and preserved, and later restored. 
In a^ project near Cologne, treated sewage is pumped into the lai^d after this 
operation to provide nutrients. As a result, the soil is richer than it was 
tefoi-e the strip mining"^ operation began. ^ 

Knowledge of desert ecology is still rudimentary. Considerable re- 
search aild development is required* before we can fully understand the extent 
to which reclamation in arid climates, such as the Southwestern United States 
is possible and the proper methods for its conduct.' 

The costs of land reclamation are also difficultto estimate at tlie ores- 
ent time. Tbe Task Force believes that intensified efforts are needed to im- 
prove under stanching of land reclamation techniques and costs. A study of 
actual, experiences to ^te with various procedures is a first requirefnent. 

Offshore Oil and Gas 

. - , 

Environmental concerns have been expressed regarding offshore pe- 
troleum operations on the East Coast, production from offshore Santa Bar- 
bara, and leasing. of tracts in the Gulf of Mexico. Concern usually focuses 
on the effects of majdr well blowouts, but some attention has been given as 
well to minor repetitive discharges from operations. 

Since 194a, some 18, 000 offshore ^yells have'been drilled in the United, 
States, of wHich^ 3 have released large quantities of petroleum liquids into 
the ocean. Only one, the Santa Barbara accident, resulted in severe pollu- 
tion ^| the shores. That was of a temporary nature\nd the area is recover- 
ing. The U.S. GeologicaJ. Survey and other government agencies recently^ 
established stringeht equipment and operating regulations. As a result^ the 
environmental hazards of offshore oil drilling have been reduced, although 
some leakage risk remciins. < ' > 

One factor that is sometimes overlooked is the trade -Off betwee.n off- 
shore drilling for oil and the importation of oil by tankers. The environ- 
mental dangers of oil spillage from supertanker operations i^ust bV matched 
against the risks in offshore oil drilling and undersea pipeline^. . 
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Nuclear 



Most of thQ environmental aspects[of nuclear power, have been treated 
in considerable detail in Chapter 5. However, some further' points are perti- 
nent. ^ ' . . 

Emergency C6re ^Cooling . The adequacy of emergency co.re cool- 
^ing systems to perform under all conditions remaiAs questionable to, some. 
Recently revised AEC criteria s^hould do tnuch- to^ reduce Ihe possibility of a 
loss -of- coolant accident. Continued R&fD efforts should' increase public con- 
fidence in such systems. ^ 

Seismic Effects. The adequacy of seismic design and construc- 
Hon criteria has also been questioned by some. Efforts to improve tjie state 
of 'the art in this regard should be intensified. Siting of nuclear plants near 
or adjacent to long-active faults should alAyays be approached with great ,cau- 
tion. * 

Sabotage. Additional standards development is needed to further 
reduce the possibility of nuclear reactof damage by willful acts J ^ ' 

Safeguards. Development of additional security measure s, can^., 
further reduce the opportunity for diversion of plutonium and enriched urani-' 
um materials. - - - ^ 

Long-T^rm Radioactive Waste Storage. ^Temporarv storage' 
facilities for radip^ctive wastes can be built, but there is stftl^o fully satis- 
factory method for permanent, disposal. * Salt formations in the Southwestern 
United States aAe promislug, 'however . 

Siting^ jS^ermdnt, Oregon, and Washington have established pi 
cedures for ce^ti^lized siting appro^^-als. Similar actions by other states 
would standardize the sepproval process and fepeed up the* construction of 
nuclear plants ^n appropriate sitesil! provided that tllese approvals are acceptr 
able to all levels of, government. 

JFhe TasK Force believ-es that adequate ^solutions have been ;established 
fdtr the^foUoWtng: Routine release of low-level radioactive effluents; trans- 
portation of miclear fuel anil radioactive wastes;^ uranium milling and proces-- 
sing; fuel fabi^^ationi and intermediate -term storage of high-le^el radio- 
active wastes, pending an agreement on the* best disposal technique. ^ 

One nf^jor difference in viewpoint exists, howeveY. Whereas Chapter 5 
'Urges that all public hearings be abandoned in the operating permit proceed- 
ings, at least one member of the Task Force believes that in some cases 
public hearings should be continued to d^al- with identified but unresolved 
.issues., ■ ^ * 

TECHNO'i.OGY / ' . , ' 

The objective of thi^ study was to examine production capabilities, not 
technological i^ovations. This does not me^n that developments in support- 
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ing technology do not need to continue c^r that major R&D programs should 
not be undertaken in the next XZ years« C 

On the contrary, these efforts are extremely important and mu/st be 
. undertaken not only to create the near-term production facilities, hht also 
'lo achieve more economical processes and new energy technologies i^lor the 
longer term. Many supporting programs invpl'ving metallurgy, safety, pro- 
cess technology improvements, restoration, transmission, equipment re- 
liability, and many more areas will be absolutely vital for attaining lower 
costs. • ' ' , * » \ 

Ln additian, R&D programs for t"he^ long terrr^must be carried on vigor 
ously by both industry and government. Sooner or lajter, we must reduce 
burning of fossil fuels, and thp basic R&D. toward that end must be started 
now. Breeder reactors will be r^eeded to assure continued nuclear energy ^ 
regource availability; coal liquefaction will be needed to . assure hydrocarbon 
fuels for our-transportation systems; and geothermal, ^solar , and fusion re- 
sources need to be developed to assure clean ener-gy supplies for the next 
century. The Task Force believes that the quality of life in an increasingly^ 
high-technology world hinges on the development of new ehergy sources and, 
fherefore, recommends an aggressive R&D program iij this area. 

The Task Force has not endeavored to suggest relative priorities am^r 
the various long-range R&D efforts or to assert any specific level of priori- 
ties for long-term vs short-term and mid-term. However, there may be 
conflicting demands, particular ly for funds; -for scientific, engineering, 
management, and possibly construction manppv^er; and for some equipment " 
and m'aterials. Consideration will i^utely have to be given to reducing the 
'rate of effort on some long-range programs- or less important programs in 
order to-deal^ with the short-range situation, whifch, if not resolved, could 
restr«ict our ability as a Nahon to deal with the l!ong-range objectives. 
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IMPLEMENTATION 



This chapter summarizes the framework and assumptions- in this report 
regarding government and industrial actions that could encourage tho-maxi- 
mum beneficial expansion of domestic etiergy production. These actions are 
intended to be illustrative; the Task Force neither recommends tHem speci- 
fically nor judges that they are best or uniquely suited for reducing dependence 
on imports. The Tasjc For,ce does believe that they are examples of actions 
that could sig.nificctntly increase our dBmestic energy-supplies. .The Task 
Force also believes that past policies and postures by government andi^iindus- 
' try are not adequate to cope with the energy supply and demand problems 
during the next decade and beyond. ^ ^ > ^ 

, OVERVIEW OF MARKET AND ROLES \. i 



The Eyiergy Market- 

Our rfbmestiQ levels of energy supplies sCnd consumption reflect the ' 
market decisions of'many individuals and institutions. * In turn, these deci- 
sions, result from many separate perspectives of opportunities and ris,ks^t: r,-- 
needa and availabilities, and the impacts of future governmental policies. 
Although these decisions and perspectives are generally ^ell intentioned, as^ 
measured by consistency with the institutions' own objecrives and resp^si- 
bilities, their iilteractions have led to the present situation. 

If present energy levels are judged to^be unsatisfactory, but free, in- 
, dividual market choices are considered worthy of being^preserved, then it 
would follow that marlcet perspectives need to be redirect^dv-._This process 
has aJr^^eady begun, ^and the under lyinlg economic incentives a^rle discussed in 
the following section. ^ • \ 
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Left to themselves, economic irfcentives and j-edirected market per- 
spectives wojald create a new, equilibr/um of supply ^Vd consumption. It d(¥^s 
not Necessarily follow that this neW equilibrium would be entirely consistent * 
with national goals for reduced demands and imports. Thus, if energy self- ' 
sufficiency is a goal of public policy, then the government must consider hdw 
it can effectively^'act to realize that ^oal. It cpould limit itse>lf to traditional 
type^ of actions for which it is well qualified' by expedience. Alternatively, 
it dould take oy i^ew typ^s of actions, with the added burdens of xleveloping 
competence in these new areas of responsibility. \ 

The Task Force assumes that the Na:tion'would prefer to avoid /ew 
governmental responsibilities whenever there is a reasonable expectation 
that they ard unnecessary to the goal. Consec^uently,' the Task Forcje assump- 
tions emphasize traditional roles and responsibilities. . ^ ' ^ 

Traditional Roles ' • 



Governments at federal, state, and local levels providje the overall 
framework for the energy market. This structure is manife%;*pirpugh . 
laws, regulation^, licensing^ procedures, procurement pracfic^^^nd 
taxation policies. Government has traditionally left to private enterprise the 
tasks of exploring, producing, transportii^, converting, and marketing most 
of the energy forms in t^e United States. Although many federal agencies 
support energy R&D activities relating to the. respective agency missions, 
private funds have provided for most of the.energy R &D in this country in the 
past. In the fossil fuel field, in partfcular, the great p^gj^^K^ity of useful 
results have come from private efforts. / ' ^ ^ 

In the present situation industry has the bulkVof respurces, the ex-^ 
perienced personnel, the technical knowledge, and the facilities for imple 
menting most programs for increasing the supply of energy. Government 
can provide needed support by clearing '"roadblocks" tp increaseder^er^F^ 
production and by fo^stering a favorable climate^ ensure adequate in^htives 
to the investor anc^adequate safeguards>9rflie^c onsumer and the public. 

ECONOMIC INCENTIVES 

Economic incentives are the driving forc^that operate the industjvial 
system in the United States. Government actions sho^ld^allo^Xr the economic 
incentives to operate fully to producecthe desired results, while preventing 
or reducing inequities where these may arise. This is, at best, a difficult ^ 
and imperfect process." ' . ^ « , ' . ^ 
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As more tostly processQ'S are utilize'd, as l^ower^rad^s q£ resources 
are developed, arid asT provisions^ ajre made .to protect the/environment, ^^^^o. . 
costs of added energy sources are inc reased. When the/high cost of borrowing 
money and the rapid incr*eases in cojistruction and oper%tii%(^ costs are taken 
into account, the (josts of energy must increase, particularly for new sources/ 
The investor in. bonds or common stock who justifies his investment by anti- 
cipated return?, perhaps in several year^, will only do'' so if it is a feas'on- 
abie^gamble and the more the gamble, the higher the .return, he will 
e^ect. ^ - ^ 

A facet of the problem can be illustrated by the calculation that -tl^^ 
opportunity to receive $100 in 20 years is worth spending' no more than $17. 84 
today. That is, today's investment of $17.84 at a prime rate of 9 percent 
(and-'almost 100 percent certainty of repayment)' yields $100 after ZD years. 
It is difficult to justify long-range, higKer-risk investments that promise no 
greater returns than ati' investment \^ith less risk and paying the minimum 
prime rate. This is true whether the subject is prospecting for minerals,' 
developing oil and gas fi^lds^ or developing a new' chernical process. Ex- 
pected returns on energy investments, must be competitive^with alternative 
investments in order to attract adequate financing. 

Increased pric.es for imported oil and natural gas in the foreseeable » 
future make it reasonable to seek to reduce irhports by substituting domestic 
resources if they can be developed and produced at no more than the cost of 
imported sources, which toda^j^^^ri^of the order of $9 to $10 per barrel of oil. - 
These seem unlikely to drop below $8 or $9 per barrel (in 1974 dollars) and 
may increaser The developmer^t and production of energy with costs above * 
th^ese levels -- as may be the case, for example, for oil from coal -- will 
require government financial assistance in some form, unless it is considered 
desirable to alii)W energy prices for at least a substantial fraction of all 
energy sources to rise to higher levels for'national security reasons. This 
would probably be very- expensive indeed and would cause problems of social 
> equity. • ^ - 

^ Marginal cost theory, while^of general application, does^ot, of course, 
.-^old in an imperfect market such as actually exists; does hot take into Account 
the diversity of geographical arej^ andi pos sibilities for substitution; and is 
'generally very much affejct^ed and d^^stprted by governmental regulations and 
price controls, as well as taxation patterns,' Nevertheless, it does provide 
a reasonably v^id general picture of the effect and nature of economic incen- 
tives and the manner in which they apply in energy supply and demand in the 
United States . 

While higher prices will have a direct effect on most energy develop- 
ment and production activities in terms of providing revenues to justify thel^ 
added costs in a fairly direct manner, the" effect on the consumer is consider- 
ably diluted. The effect of increased energy costs on the consumer should not 
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Ije as great as that of increased prices on the producer. While the increased 
costs of- new production are present, th^ consun^er pays a mixture of old and 
new costs. For e(xa_mpl^,, the costs of transport, conversion, and distribup- 
jtion ,^e often a large part of the total costs. They are, however, relatively 
constant and generally a mixture of old and new actual costs . Further, they 
■ are c^n / large proportion of the total costi. In addition, '^the 'consumer may 
• haVe some options as to interchaiigeability .of fuels and/or of suppliers,. whix;h 
give him more flexibility. ' / . , , 

The Recent high bids for oil shale devdsj^pmental tracts and the-unex- 
pected increase in sales of smaller cars-.are good examples pf ways in which 
ecbnom'ic incentives a-re already operating to the benefit of the energy situa- 
tion. On the oth^r hand, tljere seems to,_be no way in which research such 
as that on nuclear fusion op fash-breeder" reactors is likely to be carried out 
unless supported to a very large extent by government funding. As fioted, 
coal liquefaction, which could begin to be available on ajarge-scale commer- 
cial basis in 10 to 12 years, if developed aggressively in\he meantime, s'eems 
an intermediate case deserving of. special study. 

ILLUSTRATIONS OF GOVERNMENT ACTIONS ' ' ' 

the Task Force believes th^t-'governmental action could overcome 
major obstacles to industrial>iiitiatives and ericourage long-term' develop- 
ments that exceed the private sector's prudent risk. Govftrnmental assistanc'k 
could take many different forms, some o^ wliich are illustrated by.the^fal- ' 
lowing. .These illustrations are only exai^ple^ It should become in miiad 
that government actions can bring" unanticipated problems as. well as benefits, 
and that many actions ar^e difficult or impossible to reverse. . ■ 

o Reryiove Constraints . The governrnertt could remove or alleviate » 
disincentives to dcfmestic energy .development that result from existilig laws 
and 'regulations. Example: The government coald deregulate the wellhead 
price of natural gas so that gas prices could seek parity with other fuels. 

' . ° Reduce Risk. The government coi^ld atcept or share the risk with 
private firms in special situations involving the development of new tech- 
nology that appears attractive- over the long ru;i but in which an unsuccessful 
result could mean bankruptcy for the firm and disaster for the employees," 
the investors, ami the community. Example: The first firm to ^monstrate 
.the feasibility cTf^a new technology is not necessarily able, - even under the 
best ^of "circumstances, to recover the R&D costs incurred in deriving that 
technology. /A firm that is "second j.n the market", has the advantage of ^ 
knowing that the technological, ' economic ,, and marketing problems~a>e^ 
solvable. . " ^ ' 

o Support Development. The government could support the develop- 



113 



ERIC 



121 




ment in government, university, or private facilities of long-range energy « * 
t-echnologies that, while -potentially pf general e^isnomic and social benefit^ are 
not acceptable catflnrercial -risks in the near-t^rm because of uncfertainti%s 
of success, foreseeable costs exce^xiing projected market prices,^br the 
long time involved in successful developm-ent. Example* The goVe^nment^ 
might support effort in'c'oal liquefaction because of the high development' 
cost, long period required, an^sthe -estimated pi'k)duction coi^t^ , -which, 
while perhaps, acceptable and necessary in 1^ ypars or -so to pTovide adequate 
oihsupjfplies , m^ be higher than pil^costs foreseeable now. ^ ' 
o Compile Data . ^The government could compile data on thg.^^^rese^nt 
staty» and'.fufeure projections of energy supplie^ and consurription to»help 
deci'sion mikers interpref the coAsequehces of alternative policies and actions^ 
^' Disseminate Information . The government coQ^ld provide information 

to consumers regarding the relative cosfs and "benefits of energy-consuming 
devices-. Exa;,mple: Tlie Environmentfil Protection Agency action in pub- 
licizing the relativ^ gas consumption of automabiles allows the new car 
purcl\aser to estimate the fuel consunhption of a prospective purchase ind^ 
to 'm^ke trade-roffs with other desired features.^ ' ^ 

Establish Standards. The governrpent could promulgate standards 
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aimed at protecting the public .safety or^ welfare in those situations ^ijhere 
an iAforpned market /ioes Aot operate. ' Exar^lfe A:^^Building standards 
s^pfecify.the minimum ir^sulation f or Vesidential and commercial buildings. 
Most consumers^ cannot readily judge the adequacy (pf insulation in buildings. 
Example B": Air quality standai^'da are designed t9 insur e that air ^pollu- 
tion does not endanger human health. \Xir is a^iree good, \n common 
ownership, and not subject to market operations^, -^^^'^^y:^ ^ 

o Taxes . TThe government e^tabiisfies^^corporate i^ncome and yarious'K-^ 
other taxes, ^^ti^s, fees, etc.^ and" through these can provide incentives 
as well a^ disinceiftives to oroducers, converters, transporters, and con- 
sumers of energy, whether from, domestic or foreign sources. Sp^ecial tax 
benefits f^r some segments of the energy^ industry may,, wheli^passed onto 
the^consamer , stimulate overconsumption of ojie form of energy. Other 
.tax conside.rations may lea^d to accelerating or decelerating the search for 
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and development of energy .resiouraes^- While the impact of taxation^ p^Ij^ 
on j.ndustry and industrial" developments^is profound, in the end it is 
consumer who^is most affected by these taxes an<i who, in-the ultimate analy- 
sis, pays them one-way or another. ^ 

o Manage Resources. ^The^ government's responsibility includes lajtfui-. 
agement and conservation of^publi<;v lands and fesoi^fCrCS for the benefi4:s of 
both p^resent and future^generations . , This rtianagement responsibility, implies 
choices between'making available fe^^^^al fuel bejaring landiS^r oil and g^s/ 
sites for private development versu^ alternative us e^;^ the same^esoarces. 
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FEDERAL GOV/^RNMENT ORGANIZATION 

Congress^ in response to proposals by the Administration and others, 
is considering /the establishment of a permanent central organization irl th^ ' 
federal gover-^pent to deal with-energy; Resources, recovery, conversion, 
transport, an^d utilization. Suj^h a central org^anizatronf^es peci^lly if at ^ 
high level, w;buld m^ke it easier to attract and hold the outstanding leader- ' 
shfp and expertise required for the difficult tasks involved in implementing 
the federal energy role and would provide recognition of the importance of 
energy'issues to tlie Administration and the Congress. 

The Task Force concludes that a high-leyel^deral energy organiza- 
tion is desirable buit^does not recommend any specific o^rgani^iational struc- 
ture, sinpe such structures ar;e best evaluated by the Administration and 
by Congress. 

The Task Force offers several observations-4f the functions of such an 
organization or organizations that^ would' be consistent with the governmental 
rol-e and actions discussed in earlier sections: - / 

o Collection, development, evaluation,- and publication of projectior/s 
of energy demands and supplies. ' 

o Development of national energy policies for consideration by the 
Executive- jDepartment and the Congress, and coordination of policy develojp- 
merit with other federal,^ state, and local government agencies as well as 
^he energy industries^ » 

o Development of strategies for assuring adequate energy>^Oipplies at 
reasoHp^Dle costs'with minimum impact on the environment. 

development and implementation of plans for conserving energy 
and measurtes^f9r increasing efficiency of energy utilization. 

o,.4rii^le mentation of allocation and rationing programs if required. 
Planning and direct assistance in r'emoying institutional roadblock^ 
to devetlxping apd using energy res,ources. * ' 

o ^JDevelc^pment and publication of data on resource requirements, 
availability, apd critical^^^reas for overall energy programs and specific 
segments, including epglndering; scientific;. arnd construction manpower, 
equipment, and man)J:factuijing capabilities; materials, etc. Assistance with^ 
provision. of eSse^ptial resources to high-priority energy projects. 

o D^veU>ffment and application of financial incentives where clearly 
required, m^rluding development and overa^ll surveillance of joint government- 
indastry jyfograms in areas requiring government financial support. . 

a/Coordination, assistance, and resolution of critical problerns in 
are^ of environment effects , water supply and allocation, land use, etc. 

X o Development and coordination of international programs in energy 
'^reas. »_ r . • ^ 

o Support of research and development where the risk is too great for 
yivate investors. 1 Oo 

1 O 
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o Coordination of programs for long-range and basic research in 
jener^y areas . " ' ^ . I 

^ o /Provision for informationnsrdissemination and advice to the^ general 

public ^nd special gfoups. _ 

/' ' * <■ ^ 

In the Inergy area, there are many long-range an^ some short-range 
research and dev^elopment activities that can carried oat by universities 
and government agencies, bat those institutions are quite inappropriate for 
a la'Tge^'class of research and development problems that belong properly in 
industry only. Such problems-'are thc^^ that are so closely related to. the / 
peeds of prospective suppliers and aser# as to benefit from close associa- ( 
tion, throughout their active pursuit, with industry; or those practical prob-\ ^ 
lems in which industry his- snecial compffetence; or problems involving 
pilot-plant research and development in whicH industrial know-how, scheduling, 
anc^ intergiroup' cooperation are of special value. These are best carried out 

An a. commercial, real-world environment. Academic and basic research, 
carried out in universities or government agencies, is of importance in 

'providing supplemental<fcr backup data, but guidance of projects to commer- 
cial fruition is most often the province of industry.^ 

Developments such as coal liquefaction and fast breeder reactors are 
examples of those that must be closely tied 'W^ndustrial requirements and 
capabilities. > ' 

Development activities are enhanced by strong interactions jwith the 

"regulating agencie^s ( FPC , AEC , EPA , etc.). They can^ssist the central 
energy organizati^ to attain its objective of assuring adequate supplies of 
energy in the fprms required at reasonable prices" and with proper safeguards 
for the environment. ^ ' 

INDUSTRIAL ACTIONS 

With a Well-defined and stable set of national objectives and policies, 
arrangements , for ^emo^i^g or alleviating roadblocks, mechanisms for 
speedy res olution^of ^rivironrV^ehtal or other similar issues, and a focal ' 
point^n the federal^^^^vei'nment for assistance, information, and/actions, 
the various segments of the energy industries should be able to Accelerate 

Vand expand ef/orts to provide addVd energy supplies in the needed forms and» 
wiiere desired, initiate new projects. The d/iving force will l^e largely* 

. economipi'^and the government will continue to play its traditi^bnal role; but 
hopefujliy, mutual understanding of the objectives and problenis along ^th 
coo3?dination and cooperation -- will result in the en^ergy supplies (and re- 

;diJittion in demand) judged to.be needed by the nation. A conamon sense of 
national purpose and urgency, rather than one of dissefision and conflict, is 
essential. » , , v 
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, In this context, industry will have many demanding tasks to carr.y out ' 
^' in a rapid, effective, and economical manner. Among them ave the following:. 

o Finan^fng. , Expansion of energy facilities will require very large^ 
amounts of monfey from internal funds, equity funding" (stock), and bonds or 
loans.. These funds can be obtained if the industries have stable and adequate * 
revenue to cover their costs, repay their loans or bonds, and provide the 
stockholders with adequate return. 

o Planning. In all s'egments and at all levels , industr} will have to 
carry out rapid and detailed planning in response to neW o^Sjectives and goals 
and within any new frameworks evolved in res pons e'toft^ energy supply- 
demand situatior). " • j, - • 

o Managert^ent . Once ;detailed plans are evolved and critical problems 
. are ide-ntified, theXvarious organizatioril -- along with their' managers' and 
key persennel -- wiii have to be reorganized and redirected as. neces sary" to 
undertake Ahe various tasks>ytfn ai) urgent basis, whether these ^E,e'o.ew ex- 
ploration programs^ new min^esiC new oil refineries,, construction of facilities,' 
-operatj^on of new mines (j^r^pj^s , manufacturing of new equipment, or the 
- pTrovTdlHf-crf-development^^sai:^ - The' i'ndus trial structure would probably 
be yie same, but substantial reorganization and change would surely evolve 
and expe rienced planners and managers would likely be at a_ premium. * 
o Manpower. Tn addition to managers and planners, there will probably' 
be a critical shortage of many types of manpower, particularly engirfeCYs and 
skilled construction workers. Major prjojgrams would be needed to make more 
efficient iand effective us.e of available nlanpower, to utilize less skilled man- 
power where practicable, and to train miore personnel as, rapidly as possible. 

o Environment. Full consideration will have to' be given to environ - 
mental effects and at arriving-at reasonable cost/benefit decisions for indus- 
trial proferams'having an impact on the environments Close cooperation with 
^^government should allow quicker decisions if industry has done an adequate 
'job of considering the issues. Similar consideration would be true in safety 
. areas, land use questions , etc. ,< ' ' , 

o Development. Many energy programs' will require" substantial support, 
in terms of development, and effort" may need to be diverted frorp other re- 1 
search and development activities' to provide sQch support. • 

o Public Inf ormation. Industry must establish and maintain crediisility 
with the. public (as well as with the government) in order f Or .the- gove rnment- 
industry cooperation to be possible and effective. \ 
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Chapter 10 
CONCLUSIONS 
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^ If is important to recognize that there is a real and increasing gap 
• between the present energy-production and essentially all projections of 
future energy requirements' in*^the United States for the next decade and 
beyond. This gap is now expected to Ibe closed by large-imports of oil and 
gas. It does not really matter whether this situation is called ah energy 
"crisis" or an energy "problem," The important point is that it is real and 
will not go away if simply endured or ignored. * > 

The situation ^yill only be alleviated or corrected to the extent desired 
by sensible, cooperative jacti'ons in the public and private sectors. While 
economic andf-market forces are acting even now-to produce additional sup- 
plies and reduce demand, these alone are not likely to be sufficient to meet 
our national objectives, particularly if the time factors are taken into aCc0unt\. 
All alternatives, except, simply "doing ^yith less, " take an appreciable time 
to become Q^^ective. \ | 

The options that are available to increase don^esjic supplies and reduce 
demand are not numerous. The important ones have been included in this 
report. There are no other solutions that are likely to appear suddenly. 
yResearch and development is not likely to generate new energy sources that 
can be applied on a large scale in the time period under consideration, cLnd 
certainly shouldndt be counted on. 

All of the solutions have certain costs, not only in money, but also in 
manpower, rhaterials, equipment, water , and oth^r resources, as well as 
in various environmental effects. There may also be short- and long-term 
economic and social implications. Policy judgments on the overalls desir- 
' ability of the various programs are beyond the scope of this report. Ho't^ever, 
it must be strgsse^ that any policy to substantially ir^prove the domestic 
^upply/der^nd situation in the years ahead will require the utilization, to a 
greater or lesser extent, of many, qr, indeed, all "of the programs described 
in this report. \ ^ " "T*" 

. \m \ ■ 
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Providing additional domestic energy supplies' daring the next 'decade 
or so does not require the solution of significant technical problems, but 
will, in some cases, call for sdbstantial development support. The inte^- 

^ relationship between government and private institutions is the major problem 
The government must establish a well-defined national energy policy and' 
carry out its licensing and regulatory actions so as to afetraet ' large sums of 

. private capital for irrvestment in the progi^hns while, at the same time, 
protecting the public interest. 

Early and positive decisions* and actions are required. This report out- 
lines some of the decisions and actions tfiat need to be considered.' The 
ability of t\\e United States to find realistic and workable solutions will/'^XX^-i 
determine the time and cost of establishing whatever level of energy s,applies 
is deemed desirable'^ with the least overall economic, environmental, and 
social complications. More specifically: — - — ' 

o Domestic e-nergy demands -- despite conservation incentives., higher 
energy prices,^ technological changes such as amaller cars, and more ef- 
ficient industrial processes will continue to irLC_xease^tea(dily for'the fore- 
seea^ble,4!uture. . 

o Domestic energy, supplies , growing at a rate less than that of demand, 
l|ave in recent years essentlaTliy reached a plateau and pnly provide abcUt 85 
percent of the* current demand, the "^balance coming f rom jiate reasing impdrts 
of-^il and som^ ga-S . ' ' . - 

o ^Projections of domestic, supply and demand made, before the fall of 
1973 predicted thp nleed^for large and increasing imports of bil and gas with ' 
attendant problems of potential supply interruptions, higher costs,' increasiil'g . 
effects on balance of payments, and questions of worldwide productive capa- 
city for oil. The oil import embargo in late 1973 and. the concurrent sharp 
increase in oil prices by essentially all of the oil-exporting nations has pro- 
duced a substantial change in U.S. and worldwide thinking and leads to.^ 
further consideration of means for reducing energy demands in the United 
States and increasing domestic energy production. ' ' 

o While domestic energy production cannot be increased abruptly, in 
time it can be expatnded oyer the present levels or those previously projected 
, for 1985.^ Production levels of about 49 MBPD by 1985 seem feasible in con- 
trast to projections of about 40 MBPD made in mid-1973 and actual 1973 i 
levejs. of about 30 M^PD. However, the costs will be high, and such a Pro- 
gram will strain U,.S. resources and will place considerable stress on th\ 
environment. \ 

o Decreases in demand due to the development of a "CT)nservation 
ethic" and the direct effect of higher prices could be significant. It is dif- 
ficult to predict the size of effec|s or the length of time over which these 
effects may persist. Decr^eases in demand due to such measures as small 
ca.x3; better insulation in homes, buildings, and industry; improved industrial 

119 



processes; and more efficient pace heating and coolB^g will-probably have a- 
larger effect, but cannot reduce demand significantly for 8 to 10 yearS^. 

o It is believed that increases in domestic production could Tae achieved 
by about 1985, if desired, which would bring dom^^i<: suppjy into^ rough 
balance with reduced demand without resort to. -a:*^ rash" approach. However, 
it would be necessary to initiate urgent work on essentially all practical 
measures for increasing production of orl, gas, coal, and nuclear energy 
immediately. Such a program would require, high priorities and close 
cooperation by government and industry. ' . . 

o At the same time, ptogVams for^reducing demand would also have 
.to receive urgent, large-^scale, and continuing attention and' publicity by 
government and industry. ^ . ^ 

o Despite such domestic programs for decreasing demand and increasing 
dorpestic production, imports of oil and gas ;wiU pisobably have to increase 
over the next several years to levels higher than the 1973 peak before they can 
decrease in later years. . , 

o Attainment of minimum net imports by about 1985 would require not 
only that the pro^rams^e started , promptly with full and continued support 
but also that they be successfully finished on Schedule. There is little o'r 
no provision for contingencies in. the estimates. \ \ 

o Domestix; energy supply increases must be brought about by industry, 
largely stimulaWd^y economic incentives, but with the close cooperation of 
government to facilitate, the most rapid and orderly implementation of new ' ' 
projects . . i 

o Dii^eqt government financial assistance may be neipded in some cases 
'where prevailing price leyels do not appear adequate to justify longer- range 
developments and/(a^r technological ^risks and where it would be undesirable 
to let; mar^ginal pricds increase tg,ithe levels required. Coal liquefaction and y 
oil shale may be in this category. --^ 

o The cost of such a total program, including ajl resources, raay not 
be acceptable or feasible. For exam^e, the investTn'ent would need to 
average about twice the present annualVate oyer the next^lZ years. This 
program would require extensive use of engineering and scientific manpower, 
construction \^forkers, waiter s*upplies, materials, and eqdiam The 
environmental impacct may ^Isp be a limiting factor. \\ 

,o Zero energy imlports may not be desirable from an international 
point of view. \ 

o Successful achievement of these programs would produce less volume 
of oil than is now consumed tn the United States, "and this may not be adequate 
despite all efforts to increase the use of coal and nuclear energy. Thus, some 
imports of oil would probably be needed even though a net energy balance is 
achieved perhaps allowing th^ Unite^ States to trad^e coal for oil. ^This 
situation would probably continue until coal lique^'faction on a large-scale is 
a reality, that is, well beyond 1985. 

^ \ • ' ■ 
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6 A rapid achievement of zero imports would require a wa^Hme, 
government 3«diKected approach with serious .ex:onomic and personal di^loca- 
,tions, as well as with^ub.stantial interim imports^ of oil, but for a more 
limited period. HLgh*^ energy prices would also re&ult. ^ 

o Worldwide resburces of oi4 and gas are 4imited. Long-.range*research 
on new energy sources for the long^er term is essential and must receive 
strong support now. Important areas are breeders, fusion, solar energy, 
and systems for utilizing electric energy for transport (hydrogen, storage 
batteries, etc. )? Some choices may have to be made betweeia development 
work in support of the production programs and longer-range R&D because 
of the limited supply of. s cientists and engineers. ^ 
' / o More detailed studies ne'ed to be made with' respect to a nu^nber of 
areas discussed in this stu^y. These include the\ollowing:' 

- A more detailed examination of the supply and demand situa- 
.tion in the period between now and 1985, essentially on a y^ar-by-' 

year basis . 

- X^aminatipn of energy supplies and demands, esptecially fo^^^ 
oil, oma worldwide basis, to evaluate actual possibilities for import 
of oil into the Unites States in the 1985 time period, as well as 
possible prices for such imported oil. 

- A more detailed examination of the methods of reducing demand 
by various economic and technical means. * " 

* X^More detailed evaluations of the resource r equirepients and 

availabilitieaQnvolved in large-s\ale energy programs, , including 
scientifiV en^neerirrg, and eonstructipn manpower; raw materials; 
equipment\uppiy and manufacturing capabilities; water supplies; 
-and local ano^general environmental effects and trade-offs. 

- Examination in more detail of the development support required 

^ for the pt^grams outlined. ^ \ . ^ 

- Development of a sounds basis for government-industry joint 
efforts in such programs jks* coal liquefaction, tert5,ary 'oil Jfeqoyery, . 
or any^areas jadged to r^iuire signifi^:ant government financial 
assistance. x - \ ' 

\ ^ o The energy program described herein is a major n*ational endeavor 
involving both government and industry. To succeed, it must be conducted', 
in an open manner in order to. receive the necessary public understanding 
and support. 



Beyond 1985: Achieving the. complete range of programs described in 
this report by 19a5 is not considered by the^ Task Force to be of high proba- 
bility. Even if it is accomplished, the United States would be t)uying time. 
Foi; beyond 1985 looms an ominous prospect of even greater demands for * ^ 
energy from ever-increasing and ever^:risiilg expectations at home and abroad. 
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Unless innovative! way^ are deve-loped for conserving and using eneu^gy and 
substantial new sources and new technologies are found for increasing energy 
supplies ,^ the" strategies presented by the Task Force would only ^postpone a 
grim future of energy scarcity. i . 
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Appendix B 
^ . UNITS AND CONVERSION FACTORS 



An effoist has been ntade to p^ake the units used throughout this re- 
port internally consistent and related as closely , as possible tq similar terms 
used in other reports. There are, however, ^difficulties in achieving such 
cpnsistency since energy is treated in so many ways and with so' many dif- 
ferent unit^. For example, the following three classifications have been 
4i6ed in the references, ^s discussed below. 

• Energy ./ Abs-^lute energy quantities are generally expressed in 
terms of British ThermalTJnits (Btu) per year. Many years ago, a unit ^ 
called the Q was defined^as 10^^ Btu, and the practical unit is the mi^li-Q 
i {mQ), or 10^^ Btu. * . ' ^ 

In this report, the commonly used unit of energy is millions of bar- 
rels per day ofxcrude oil or oil' equivgftent (MBPpj. This^is useful since 
many other /reports use this/ same unit, which is the basic unit used in the 
oil industry.^ One barrel of/oil is defined as having 5, 800, 000 :^tu. 

" While this appears rather straiglitforwai*d, it must be recagl^ized 
that in the United States energy values are usiially the higher or gr'oss :i 
heating value of fuels, while in Eair^pe such values are usually based oh the 
' low^r or net heating values. The difference is on the prder of 10 percent 
fot gas and 5 percent for oil and coal. » 

- Another complication is that some form's of ienergy are transformed 
into total energy at arbitrary conversion rates — for example, hydroelectric 
power. Although this energy in falling water "is converted to electrical 
efiergy with^anjtctual efficiency of 90 to 95 percent, it is sometimes pre- . 
sented as having been produced by fossil-fueWd generating plants having a 
law'ef efficiency since it'would replace that quantity of fossil fuels. , In a , 
few studies, the directl energy equivalent was used instead of this assumed' - 
required substitution, o 
' Physical. Nominal physical quantities may be used. Where such 

units are u§ed in this report, they' ctre based on ^he following conversions: 

o^ 5, 800, 000 Btu per barrel of oil .' ^ ' ^. 

' o ; 1, 030 Btu per standard cubic' foot (SCE) of natural gas 



1^5 • 




, o 24, 400, 000 Btu per short ton of eastern coal (12, 200 Btu 
per pound) ^ • 

o 17, 000, 00.0 Btu per shott'ton of western coal (8, 500 Btu 
per pound) 

f 

Actual physical quantities of material produced^ shipped, or con^: 
verted may differ, appreciably from the nominal values specified above due 
to the variations in he4t content of the various forms of even the same type 
of fuel. J * ' I 

For example, residual fuel oil used in power plants generally has a 
heating value of about 6. 3 MBtu/barreL Thus for a nominal 1 MBPD, the 
actual volume of residual fuel oil would be 920,000 BPD. - 

_ ^ On the other h^nd, some western lignite coals have a heating value 
of perhaps 6, 500 Btu/lb as shipped,, and 1.0 BMPD of -oil equivalent in such 
cdal would be 163 MTPY of actual coal shipped instead of 125 MTPY of ' 
nominal wesjtern coal. JBfc 

' In the same way, the physical vonxme of low- and Intermediate -Btu 
gas produced Jrom coal may be several times the nominal amounts deduced 
from the MBPD oil equivalent, "sfnc^ these gases may have heating ^^alues 
of rSO to 500 ]ptu/SCF rather than the nominal value of 1, 030 Btu/SCF that 
is representative of natural gas and high-Btu "pipeline quality" synthetic 
natural gas (SNG). - 7 

Units Used in this Rei>,ort. As noted above, somewhat arbitrary ' 
conversion factor s must be used in equ'ating the energy input of electric 
generating plants to the total energy input based on the .production of elec-. 
tricity. A nominal heat rate pf 9, 600 Btu per net k\vh of electricity pro- 
duced has been used in this report in concerting nonfossil power generation 
energy output to equivalent oil-fired power generation energy input. This 
same nominal heat rate hafe been used for calculating the energy inp^ut to 
all'forms of fossil-fir ed power* plants. y ' / 

. There are a great variety of alternative terminologies and abbrevi- 
ations which have g^own up in the separate sectors of the energy Industry. ' 
In^an effort to simplify these to tlje least complicated terms for the non- 
technical reader, we have adopted sonie terms which are not the i^ormal 
ones usedin the respectiye industry sector. , \ ' . ' 

In this report the following terms are used: ^ 



ABBREVIATIONS USED 



Term 



Abbreviation 



Equivalent 



Kilowatt 


^ Ktve 


10^ 


Megawatt 


Mwe ' 


10^ 


Gigawatt 


Gwe 


109 


Kilowatt-hour 


Kwh. 


103 


Million BPD 


MBPD 


- 10^ 


Million TPY 


MTPY- 




Billion CFD 


BCFD 


109 


Trillion CFY 


TCFY 


^ 10l2 



watts electrical 
watts electrical 
watts electrical 
watthours electrical 

barrels per day oil 
tons per year solids 
cubic feet t>er day 
cubic feet per year 



In summary, the following are 
this report to'^obtain the oil equivalent 
day (MBPD). 



To Obtain 



the key convesrsion factors used 
expreg^s^ in million barrels per 

• ■ ^ r 



Divide 



MBPD 
Oil Equivalerft 



Btu per year 
mQ's 

MTPY of Eastern Coal 
MTPY of Western Coal 
BCFD of Natural Gas 
TC^Y of Natural Gas 
10 Joules per year 





"By 


2 


.12 X 10 


2 


.12 


.86 


. 8 


125 




"5 


. 63 


2 


. 06" 


"2 


.23 



15 



T 



r 
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Appendix C 



This appendix contains a compilation of s'elected "demand or con- 
sumption" forecasts and selected ^.'supply" forecasts for the years 1980 
and 1985. In all "demand or consumption" causes, the quantities ^hown are 
in terms of 5, 8-mft.lion-Btu barrels of oil. In all "supply" cases, the 
units shown are -the- energy equivalents of the. units used by the forecaster. 
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Appendix C Demand or Cunsuniption MBPD" 



\ 



hetroieum ^ 
TuUl foitil fuels 



'OTUER " 
Nuclear. HyUro, 
(>cotherm4] 

(iHASD TOTAL 

Dcmtn*! (D) or 
Con tump (ion (C) 
Type Ptojectlon 



1972. NHl' 
Low Level" 



1972. NPC- 
Interin^illate 
\.ye|.'« 



1972, NHl* 
Wigtx Level" 



1972, 

AitOcUted 
UmvertUiet, 
Inc 



^ ""Nim. 1972. I 



or the 
Interior' 



KewAich ' 
fttUute^* 



973. 

o unci I on 
tnviionment«i 



197 2, 
Shell Otl*' 



1973. Kn«rgy 
rollcy Office 
{Dixy Le« Riy 
Report)-' 



24 19 
10.20 
12.55 
46 94 



8.18 
55.12 , 



25 0 
1063 
M 05 
49.68 



7 96 

57.73 



32.0 
7.2 
14.0 
533 



14.3 

67.5 



25.49 

10.15 
13.6 I 
49 25 



9 16 
58.41 



$2.0 



Kmge^ 



32.0 
10.6 
14.1 
53.2 



14.3 



The difference between Jenund vnd contumption l» U S. e.xport*. which In 1973 amounted to ippro.xlmttely I MBPD Demand »lto reflecti changet In U.S enerwy Inventory 
which ire utuaJly unaJJ. ^ . 



24.2 

7.2 

46.9 



8.0 
53.2 
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Appendix C 1980 Di^mand or Consumption -MBPD'' 




-^A,^ 














\ 

Knergy Source 


1972.'NPC- 
Low Level"* 


1972. NPC ' ♦ 
Intermediate 1972, NPC 
Level"* HiihUvel"* 


1^173. 
Bechtel-** 


1972, 

Department 
of the 
Interior ' 


1972. 
Stanford 
Resaarch 
Inititute"** 


1973, 
Council on 
Envtronmantal 
Quality" 


1972. 

Shefl OU" 


1973, Enariy 
Policy Offlca 
(Dixy Lee Ray 
Report)^ 


Rang* 

High 


Low 


FOSStL FUELS 
rttroleum ' 
Coal 
Cai 

Total fostil fuels 






24,0 
8,5 
9.7 

42.2 


20.9 
7.99 
13.36 
42.25 


27.0 
7.0 
13.0 
47.0 


20.31 
7.09 
13,46 
40.86 




J 


27.0 
8.5 
I3J 
• 47.0 


20.3 
7.0 
9.7 

40.9 


OTHFR 
Nuclear, Hydro, 
Gcothernul 






4.8 


5.31 


6.45 


4.96 




> 


6.5* 


4.8 


GRAND TOTAL 


45.2 


48.4 49.7 


47.0 


47,53 


5 3.45 


45.82 


49.0 


47.0 


53.5 


45.2 


Damand (D) or 

Cunuimptiun (C) 
Type Projection 


P 


^ 


D 


C 


D7 


C7 




C 







'The difference b«twren demand and coniumplion ii U.S. exiVorti, which In 1973 amounted to approximately I MBPD. Deihand atso r«necti chingM in U SMwIky Inventory 
which are uiually jmall. f * 
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